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It is known that there are Sanscrit books on Astronomy and -Mathematics.. 
Whether the Science they contain is of Hindoo Origin and ot l ign anti 
quity, or is modern and borrowed from foreign sources, is a question which 
has been disputed. Some of the Advocates for the Hindoos have asserted their 
pretensions with a degree of zeal which may be termed extravagant; and others 
among their opponents have with equal vehemence pronounced them to be 
impostors, plagiaries, rogues, blind slaves, ignorant, Xc. 

My object in the following paper is to support the opinion that the Hindoos 
had an original fund of Scicncenot borrowed from foreign sources. I mean to infer 
also, because of the connexion of the sciences and their ordinary course of ad- 
vancement, that the Hindoos had other knowledge besides what is established by 
direct proof to be theirs, and that much of w bat they had, must have existed m 
early times. 

But with respect to the antiquity of the specimens which I am going to exhibit, 
nothing seems to be certainly known beyond this, that in form and substance 
they arc here, they did exist at the end ot the 12th or the beginning of the itfJi 

Century. 

It is not niy purpose to inquir$)iere what parts of Indian science have already 
been ascertained to be genuine. I only wish toobse» vc that the doubia v. hicli h i \ v 
been raised as to the pretensions of the iliiulooft are of very recent fifth, and that 
no such doubts have been expre sal by persons who were jarlmp^as well able to 
judge of the matter as we are.* 


* The Jullnburgh Review, in criticising Mr. Brntley’s Indian AUrrmomy, in the <M\\ number My - ■•aouL 
etl for the anltyuit} ami originality of Hindoo ^ucik:c 4 The writer of *hot avtide however Mcms t«* Iju* left hi* 
fa hi; am! his Successor, in n K v .vieW of Delambre'a History 01 Grt- k Arillnmt'C, in timer, llm other .u thi 
question, with much zeal. This Critic is understood to be Air. Leslie, Vrho, in i* ; > Idcmems of Gcojntl ; > :j«a ft 
attacked. the Hindoo-:. Mr. Leslie, after explaining the rule for con articling the I’)' u . u reiv cs t which was 
given in the 2 nd W me of the Asiatic Researches by Mr, JDavis, from ihcSuu 1 fciddlmulm adds Urn'I'llownjg 
rnhark'# | r 

A 
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v> e are tu ‘ l ‘ l hat in early times Pythagoras and Democritus, who taught the 
Greeks astronomy and mathematics, learnt these sciences in India, The Arabians 


“ ls Uc tleta,letl explication of that very ingenious mode which, in certain cases, the Hindoo Astro- 

• nomerr employ l«»r constructing We liable of approximate sines, Dirt totally ignorant of the principles of 
" the operation, those bimble calculators are content to follow blindly a slavish routine. The Brahmins must 

tl.eiefore have derived such information from people farther advanced than themselves in science, and of 
“ a holder and more inventive genius. Whatever may be the pretensions of thnt race, tLir know- 

ledi.e ot trigo:iafneh-ical computation has no solirl claim to any high . * deputy. It was probablv, before 
" a,e revival of letters in Europe, carried to the East, by the tide of victory. ' he natives of ftfalfusLi 
" :,it rc '; ei '- "Ktructiwi from the Persian Astronomers who were themselves taught bv the Greeks of 

* Constuntinople, and stimulated to those scientific pursuit, b- the skill and -liberality of thc’ir Arabian con- 

,c i|urron.”—(Txslie’s Elements, itfS.) 

W l cn operations arc detailed, and most of the theories on which they depend arc given in the 

;: rm 01 ru!< ' * uiel > ;t ** not i0 be inferred because the detr.ontirafions do r,| always accompany the rules, 
thcfdc' that they were not known ; on the contrary, the presumption in such a caac is that they were 
f r :r, ‘ ^ sl her.., for 4 he Hindis certainly bad at least as much trigonometry as is assumed b\ Air. 

to be tic Inundation of their rule. Mr. Leslie, after inferring that the 'Hindoos mud have derived their 
science from people farther advanced than themselves, proceeds to 'chew the ourres from which they mif»ht 
btr/e borrowed, namely, the Persians, the Greeks, and the Arabians. Saw us for the Persian* as a nation, we 
do not know of any science of thurs except what was originally Greek or Arabian. This indeed Mr, Lcriie 
wou.o seem not to deny] and as for the Greeks and Arabians it is enough to say that the Hindoos could not 
borrow from tv. m what they never had. 1 hey could not have borrowed frofn them this slavish routine for 
♦he sine, which depends on a principle not known even to the modern Europeans till 200 years ago. In short 
'he tide of victory could not have carried that which did not exist. 

ii appears from Mr. Davi , paper that the Hindoos knew ihe di.vuctionr of sines, cosines, and versed slnr*s. 
They knew that th- difference of the radius and the cosine i, equal to flu? versed sine; that : a right-angled 
rjar.jJ- A I hvjtotln.nu^; be radius the sides arc sines and cosines. They assumed u small arc of a circle as 
upri) to iu U*. They con-.truacd on true principles a table of sines, by adding the first and second 
differences. 

,'rom t; < Bija Ganltu it will appear t!»al they knew the chief proporlie. of right-angled and similar triangles. 

M fb ree’s Li lav i ( j I find the follow; - g ruk-s ; 

' i iu- hypoth- li’sc a righl-u- y’ ;•! triangle being h t the base i f and the side 4 -.) 

A; a, . any large up’ iher p, then A UJj Z J ~~ /,, 

= *'(>** — s°) and v = i/(h z — &*), 

V ((A —*• r) a -f- 2bs) 2 K h. 

(/; + A) .(A— b) = A a — A*. 

•mi to lind h and •: iu any number of ways; let p be any number* then 


b being g 

p3 0 rr A. 


'2 fib 


—A 


- = s, and 


V . h* 

y~~P j+p 

....— — S, and t — as h 


Alwinj girth, p~j~j — . n 'i'i p> • 
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always considered the Indian astrology and astronomy as different from theirs 
and the Greeks. We hear of Indian astronomy known to them in the time ol'the 
Caliph Al Mamun. (See d’Herbelot). Aben Asra is said to have compared the 
Indian sphere with the Greek and Persian spheres. (Heilbronnen Iiist. Math. 
]). 456). We know that the Arabians asciibe their numeral figures to the 


I-et p and q be an y numbers; then 

2py zzs, p z q* =r b, and p* + J* = /<?. 
b* t b 2 

- c -h -r 


Given a = h dz a ; then • 


= s, and 


= A. 


„ a — a*) , j <H- VIM* — «*) __ 

Given a + then-—-' = b, and ~-- ss .. 


There are also rule; for finding tl»e arvai of mangle* and fuur ided figures; a :u< uy other-; the rule fo the 
area of a triangle, without finding the pwpendu uhr. 

For the c ircle there are these rules (c being the circumierence, D {he diameter, a the chord, r the versed sine. 
a the arch,) 

c ; D . 22 : 7 ; undo : D 3927 ; 1250. (Also see Aycen Akbery, vol,3. p.33) 

v '( U> +Q (p —- c) ) _ ( 


C v / (n -^t)xna(. 

c* 


= f , nnil £ - ./ (J ^ 

i C *_ * V \ <»+* 


Also formulae for the sides of the regular polygons of 3, 4, 5, 6, 7, 3, 9 Hide* inscribed in a circle. There ore 
also rules lV>r finding the area of a circle, ami iln* surface and culidiiy of a sphere, it will be *uv;i nut 
Iihn*cara is ;uppo~ed ? » have given these two role* \:z-y —the sine of tht sum of two a v . Is oi.ua »o the .nn 
of the products of the Ai.c of each mul-hdied by l!k :o.me of the other, and divided by riierr-cuH; and the 
cosine of the sum of two arc; is equal to the difference between tl»c products of their sines and of their 
cosines divided by radius*. 

Ts it to he doubted that the Hindoo* applied their rule for tin* con Maction of -hies, to js.< t Ut 
ratio of the diameter of n cii I to ii> ^ umfu-ciwc * -il.ti* the circ, mn.. i v of u circle Ikv.ia divide! in o 
360 degree* or 21600 minutes, the sine of 90 cfogi - wh < . d .-qual to the radiir. would l,- \, ., )r j hv i.m 

ride ’438. Vhi» would give the ratio of ih-' •. to the ciieu 'crtcre V *. 2 i and i >; o • . > K ' f 

f- 7 .J ' * ‘ .> 73 » 

and assuming, as the Hindi. •*>* common!;, do, the nearc t mlcror , the ratio would be 7 : 22 or u;;o . pv* 

It is not to be denied that then: air some remarkable coincidence* lvtlw* n the Gievk and the \ , mioo sconce ; 
for example, .’iiiui;* many wl idi might bo given it may he suj. ecu d that the < mitriv.uriv; i crilvd t., An«>,f. H [ 
and Bryso, and that ol ’Arcfunu de* : ar tun ling t..e rat . »». the <li.. meter of a c*r<! to it; cucumfe.eiuc \ ght 
have been the loundut.on . tin* Hindu ■> method; that 1 ^iophanltii's spei’nigtions on ’ndeti* smte proi.»h*nis 
migU be the origin of 4lu Hindoo Ah-o.a. Bat there are no Uuths in the hist or ol science ol which we are 
bi tter at: ured Jiau idaf theSorya Sirldhanta rule for the sines, with the - oi xltt ilianH ter m ^ circle t*. it ; 
circumference ri'n : 3 U7 ; aiul the Bija GaniU rules for in deter in in ate probtciu^ \tcn-. not a au to the fhn;ks. 
Such are the rfnmblMg blocks vufu h v.. alwi fvd •.*. -tr v. -> ’i* \ uv i'-.o . r - ! ,v Umd* o so au . (o 

any foreign origin. » 

A ? 
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Indians; and Massoudi refers Ptolemy’s astronomy to them. (See Bailly’s preface 
to hi . Indian astronomy, where is cited M. de Guignes. Mem. Acad. Ins. T. 36, 
p. 771). Fvzec, who doubtless was conversant with Greco-arabian learning, and 
certainly knew the Hindoos well, has never started any doubt of the originality 
of what lie found among- them. The preface to the Zeej Mahommed Shahy, or 
Astronomical Tables, which were published in India in 1728, speaks of the 
European, the Greek, the Arabian, and the Indian systems"as all different. 
'J nat work was compiled with great learning bv persons who were skilled in the 
sciences of the West, as well as those of the East.*. More examples might be 
given—but to proceed. 

The Bija. Gauita is a Sanscrit treatise on algebra, by Bhascara Acharya, a 
celebrated Hindoo Astronomer and Mathematician. 

Eyzcef, who, in 1587, translated the Lilavati, a work of his on arithmetic, 
men u! non, &o. speaks of an astronomical treatise of Bhascara’s, dated in the 
i 105th year of the Salibahn, which answers to about \ I S3 of our ana; but Fyzee 
also says, it was 373 years before yyj Hegira, which would bring it down to A.D. 
1 'lit. So that BhaScanr must have written about the end of the 12th century, or 
beg lining ot the loth. 

A complete translation of the Bija Gauita is a great desideratum ; so it has 
keen lc more than 20 year-., and so it seems likely to remain. 

It will be seen howevci that we have already means of learning, with sufficient 
•n\ era. - ;.. me contents of this work. 1 have a Pi rsian translation of the Bija Gauita, 
which w as made in India in <C:U, by Ata Allah Uushecdee. The Persian does not in 
itself afford a correct idea of its original, as a translation should do; for it is an 


: - A';.. . 11. L'«*ar. iif*s, . 1 !. «*n (he A. aronomical Labour* fjv Singh. 

* •.I’tsiAtc i phi. »l 1 v. i • . prct.M-es—“ By firilorof king Akber, Fyzee trai lutes into Persian, 

'* ■'Van J i: ti’Ci.'dt v book L;J.ivaii, so famous Tor the r.ue an-! wonderful arts of calculation and 

*' in* it > ». fl< (Pvz , h'i. If.v o to mention that tin* con toiler « ftiiik, hook, was Mhtnmira Ach.rya, whose 

'* bir'b p', and tie ho»|c •l i" . . i- e ; was !.n city of J’nhlur, n the country of ti;<* Oeecui. i liougli 

'• the :.u<- . * t ' i i 1 p this work i not nicntiniUNl, y. * it may b«» nearly him vn from the c < n iitiU.u.:, that U c 

" a*- 4 !-. , n.u<!«mm ,'i,..j i ukojilh. construction of Almanacks < lh <1 Ktirnin Kitttohul, in which the duu of 

“ t udpiunp L i* np'iit.oil. '! to be llOayr... irom the tlalr o the Sulibahu, a t a famous in fnib. From 

“ 1 f k y i to ihK. ',Io!i iu tJi» :*C"l Ib.lii "ear, i orrcspoiuling * lit the lunar year there liave pabsod 

jt yiy >* m . 

A> t v M !ii I * ^tit in tlir Hegira f ir Iu ..r) year, 09: 2, («e* \yern Akbery) the da IL’ of Ilaln is of 
* ' ' It e H i«. i tint i. .-re s an err- r in tlic mtinbiM 1‘ 

’ y * ■ "i * g vul. '.f .V.iufu H aieln -i, givt*!| on libagciirn^ gwii authoiity, the date ot bit birth, 

* -'6J baeu. b*. in: > Sihbahu (or B.«ca) the! is, about A.D. 118*1, he was 42 yearn old. 
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undistinguished mixture of text, and commentary, and in some places it e\cn 
refers to Euclid. But to infer at once from this that every thing in the bool: 
was derived from Greek or Arabian writers, or that it was inseparably mixed, 
would be reasoning too hastily. A little patience will discover evidence of the 

algebra which it. contains, being purely Hindoo •. 

The following paper consists of an account of this translation, and some notes 

which I shall now mention: 

Mr. Davis, the welhkaown author of two papers on Indian Astronomy m the 
Asiatic Researches, made, many years ago, in India, some abstracts and transla¬ 
tions From the original Sanscrit Bija Ganita |, and it is greatly to be regretted 
that he did not complete a translation of the whole. The papers 'which contain 
his notes had long since been mislaid and forgotten. They have been but very 
lately found, and I gladly avail myself of Mr Davis’s permission to make u* ot 
them litre. The chief part of them is inserted at rhe end of iny account oi the 
Persian translation. To prevent misconception about these notes, it is proper for 
me to obsen i that in making them Mr. Davis had no other object than to hifoiiu 
himself irenerallv of the nature of the Bija Ganita; they were not intended 
probably to be seen by any second person : certainly they were nm er proposed ! o 
convey a perfect idea of the work, or \p be exhibited before tilt* public in any 
shape. Many of them arc on lm-c detached pieces of paper, nui it is probable 
that, from the time they were wi’tte till 'hey came int<S my hands, they ucc 
never looked at again. But nevertheless it will be seen that they do, without 
doubt, describe accurately a considerable portion of the most curious parts oi the 
Bija Ganita; and 'hough they may cm to occupy bn a secondary pl.itc here, 
they will be found of more importance than all the res. ot tins work t _ 1 1her. 

They shew positively that the main part of the 1‘ r lau translation is taken hum 


« The late Mr. K**ul>en Burrow in one of liis p#j its in lli> -.i • ' • - Kesea.'chc.; tV', made tia ens 
of the Bija Onnita j ul Lilavali. TliOvC Iraudalinns In* Itrfi to Mr. f>albv. 1 'u-n con c »st oi lair eupic in 
p,. r? ;. 4|1 of AU Mlal.\ ami J N zee’s tiamlatic wil' the liiifchfli *1 c,cl. word v. it ten alum it- IVr-nii 
The uortU being thus translalctl sejurau ly f u:i .out nnv n;; to the o .-ainn^oi comphde sentence*. »ol t 

bingh: t*a. -at;' can he made out. 1' h |d.dn, from nnny hort notes which Mi'. Burrow h 0,1 * n h ‘ r ’ 

*h.il t» hj U’ * “i- a 11 • * •• • 

tin. ort^ nal SrtnsnH !^ml, with • lrlmiity i>! considru it oi -i.'l’v. 1 ^ ‘ ll ' 1 ' 0 

I>nlb\ for allowing me the um u 1* Mr. burrow's < np\ mhteh nas crimld » V l ' clu Y,Klt> ,i( ,T,U * > 

it Is olheiwt.v it.n n. i mft. bi*„us( it -hens ifmt Mi Burrow It •'» aecc v to in pta Sam A (pro c ! - 
means ol v M •u.nh't: ami .. I'm ■ i*) ... . .• i J l i ■ | " • lU - 

f ft J 5 l b*. remarked that ity nr.re ir fiom tin* Smstcnt Only. N V 1 ^ > v tht ^* r,tnn 

station. * 1 , 
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the SatUttrit \VorJk, and that the references to JEuclid are interpolations of the 
Persian translator they give: ino* *>t of the Hindoo Algebraic notation,# which is 
wanting in the Persian, and they shew that the Astronomy of the Hindoos was 
connected with their Algebra. 

I must however confess, that even before J saw these notes the thing was to 
my ind quite conclusive. For I found (as will be seen) in this Persian trans¬ 
lation of 16 'said to be from the Sanscrit, a perfectly connected structui.. of 
set-'ace, comprehending propositions, which in Europe were invented successively 
by Uadiet de Mcxniac, Fermat, Euler, ami De La;Grange f. 


* 1 ho Uli ioos h.ivc no mar’s for , they only separate the quantities to be added by a vertical line 
tliu»» 1 or", as they _e para te their sloca:. or verses. 

'ITkm •!: for mini's is a dot over the quantity to bo subtracted. 

Tor-lead of a mark m.TrT'Vbon they write the factor? together as we do* thus, ab for a x b. 

D’.i ion t 1 'ey murk .n e do by a horizontal jine* drawn between the dividend and divKor, the lower 
quantity being the divisor. 

T nd:i.o > i quantise they u*e letters of the alphabet we do. They iiw* the first letters of the words 
r i^nif . in; colours. 

The kno 1 ?uu mb y (which i - . [way -3 a number) has li.tt word mop (form) or the find !eH r of the word prefixed. 
t a*»" j<' o. u».: unknown quality h marked by ad.Tiny; to tin- ex pi don of the simple quantity tiie first 

letter of U.e word whir h means square, and in like manner the mbe. 

The . •> of an equatfr.. am written one above anoihev; c erv quantity on ic is expressed a; Tin directly 
under J - n the otin r side 'A here the re is in fact no corresponding quantity, the form 'is preserved by writing 
that quantity with the co-efficient 0. 

Th methods of pm ivingn Irilei to tin.-known rulin'. r v ai. l umhjj the first kt»cr of the words square and 
♦ -be i r <: the :: .... :! n i: </f DiophynUu. I xviTum it as a curious coincidence; perhaps some p tuple may 

attach more irnporUucq to it Hun I do. 
i j'Ke y iuoiis wliieu l here particularly allude to are theser— 

t. A : ■ u.r..l method of : Tirg I he pioblem -*L“~ 4 zz. y> u, b and c being given numbers and * and y 

ind, . k.atc. The solunon is cn ub-.l on a th . > .on like that which is made for finding the greatest c. imnon 

measure of two nT.r 1 '* ... I he iuk . roinpveheinl every *• >it of can-, and are in ull rrspert< tjulle p, nut. 

j. The problem am* t- 1 -- (a being given and m and n required) with iis foltitiom 

• . the application of tilt ahovi to i:ini my number of values o ..<v a + hzzi y i n m one known ase. 

. ' •> k . I values ot x and y m h r_ .>■ by an app! ilmn of the problem ’• -- zrz y. It is on* 

neco*»ry form- bin to give any dclTi! of the Hindoo nudUml*. 

The fn. qucf'iou about tin* » h’aordiv. ry unit ter T what . T.dence have we Hut it •; not ;T t -r . rv ? 
I MO-wes* he.nl>, hat « • • n*J »ly of'iUluing t.r.w found in the .-at a' 1 . .» vs asvtr'allied to have 

been tin* I.- tn hull .m I ’ 47, that: to My, in tit * when it <oubi imi Jive been fin yd. 

}i fo!!.■•villi? cxtnrt in a pi ol J> Li (irange, in tin tltb • olunu. of die Memoirs of the ft. ilin 
,V«.nci(i • , i nr the y* ai I* . , rtii .tins a utim.nary tu that pail ot the history • ’ A.yi.bra ■ huh is now ail- led to. 
A* fm buy itli of the points aboveinephom.J the roc the i in detail (Jiowever imperfect in some iw.pectr.) i., at 
fa^a. 1 xi.e.w. n - -u duy. 'j he f.rst application j' ‘ hv principle in I*urope i.. to l .w-uyht the writing 
4jf De La fLange hiirl i If. 
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lo maintain that the Bija Ganita miles for the solution or indeterminate i>ro- 
bluns might have been had from any Greek or Arabian, or any moden: European 
v. liteis before toe Mathematicians just named, would be as absurd as to say that 
the Newtonian Astronomy might have existed in the time oi Ptolemy. Ir is true 
tint Bachct wrote a few years before 16J4, but this is no sort c;f objection to the 
aigument, tor that part which might be questioned as a mere copy of BacheBs 
method, namely, th.e rules for indeterminate problems of the first dr give, is closely 
connected with matters of latter invention in Europe, and is in Mr. l)alb\'s copy 
ot lyzees translation of the Lilavati, which I have before said was !.n*dc in 13o7 
and Mr. Davis s notes shew that it is in the Sanscrit Bija Ganha, which was 


“ La pi ii pa it tic* Geom^troa qui ont cultiv l\iu \m. dc Diopiiante sent, ... Pexeniplc c!e cd iiluslre iurcn- 
“ tuer, unicpicmcnt appliqufii a eviu-r U> vjli u. 'i/ationdles; el tout l’urtifce tie 'lem* v. . ihod< .=e red mi i 
“ taiie en sortc qitc Ifcs grandeurs incc, unites pimsent se determiner par des nombres commons 

<% I.'ml d- r soudre tv< sortc* dc qiu -lion* :»o dcni.- Jc w»cr<i3 d ’a litres prineipu quo ( an: vie i’.v ;i■ ..o 
ordinaire; m:»i> ci » prim ip*»% do iemicnt insmi.'Htt i r* .. ’on ajoutc \x comliti . i qi.c L* qua Xu cl.er* 
dices soient non scukinont coinmcnsurablcs muis encore . gales h dcs nomhres enticr*. 

M. B.irhct dc Mezcnnc, uiWur d'un (*\« client c ominentaric sur Dioplnuilc c( dedi'fcjens o.ulr ?s on. jape.. 
M ci b i e cru * l3 *» ^ premier quit ait tantc do ‘ e ' ttre tviie condition «» calcu). Co savant a Uouv£ one c;; t - e 
geuei ole pour iCKiud'v- cn nottibr...-* ontior» 1 uil< • lc> equal ion-, clu ivenv d« gre a <!ou.\ • r ir.eoc. 

uues, mail il ne paroit pi* avoir tic plus loin; ci e«*nx qui «pie lui *>ont oc u. • du o! »t, - 

“ a.;- presque tous bomfc leurs recherche:. uu\ cqi.ittmn . .mlcicienit » es du premici degifc ; leurs elftms pc 
“ sOnt rtduio a vjiv r les methods qui ; uveut sen ir a la resolution do ces sortc* dVqu ,, ..c un, si 

“ j'ose lo dip\ n\i domic up- mcihode plus * o’ f 4 .iin p-nernlc, cl plus ingenieusc quo id . d. \i.ilaol.ot 
'* qui w trouve dan* «n revival ioni uuthcmaliqucf intiUiolct ‘ Problem* f! ti rl ,v . >/ia .. 

49 j:orih \ ' II c c t a la vt rile us^tv lurprcnant quo Ne Fci. i.it qui s'eloit si loim ems i lant <!c 

“ succCs Cxcrr^ ur la il:« lie dcs nomb.c t*m;cr<, r/uii f-v; c h. i\ he N iyak.J.v pene:' cc . . prod'’u 
** indetemiinc. du s.-con .IcgrO, et des dcgric •mjicrti ur-* eamme M. P irlu f aioi iijii ecu:, du 10 :iirr degre ; 

on a co| ".leu* "• u < • roirc <j-d : I d< t- ms.: q>pliqi • celt • jc, p ir 1c firobl. .. « ’ J c •.. . .<a 

“ cominu un* 1 spec*, vie deft ft ’>*. Wallis «*i 4 tous les 'CkruindfCH Amjois, fl qui ci>Uj*isioii a : ■.. or d* nx 

“ cartes enliers elm l Tun « dml n ihipki'* p-.u • n 1 on.Lu cr.ticr donne non u'.-- ^ cn- ate r« u.iccl • Jc : 0,^ 

“ le nste lut etro cgd a r»r .dc, cai, outr. qi : cc j 1 m lc.iv csi up c.t-- paH adicr uc-i i*iM ,v <n- du WvOiul 

u d^grt. a deux* ineonnuOi- il c.t comine la cii < U resolution ucnc vo dc cos equation. . XUis r-.it qw 

^ Nl. dc Fermat n‘ail p:c continue sc: r.. hm I 1 ^ sur cc tc mutienq uoit quVIle n . °.oil parve uiie jm. u’ft nvus, 

** il cat certain ([u’ou nVti trouve autrupe trace d. uvn. s* 

11 II paroit utftmc que ks Geoniftic^ Anyi«>ss qui out icsolu »• probh.nu* dc M. dc FeruitV . r<a: connu 

** toute i’im|ioiLiM C dpnl il cst pour 1.* ohition • ,1. ; prr>bicmfs ■ icrtn «v , di. l^-u 1 . v\ 0 . 

'* moiiia o,» ne voil { ■ .di1> »*» :•> vi:» r.ma -. t'i uv.iq-, ct KUcr cs»t H : vc mu noin . promi . u- 

u * r 'h ' '• v comment h l aide do «v qrsbl - nc t ni tronv r unc infiuiic • .*ir! . cn n«*m' **5 r*. dc 

<4 touteEquation dttscedtmHegre :» den:: inemvmcv diint oncontniit ilcju uncso tition. 

11 li rfcsulu de lout cc q'.u.* nous vciunu <lc dire |.w dejn*. i'oumh^c J»* Nl. Bach .t que .. paru 1., 16 . 1 , 

1 insqu A pitsCm, ou <•,» mo it . jr-qn' .1 mot re qiic j«: do.mai .c. st | *:■ - .1 )». •>! ’ > c .. pi -ft'lctn 

’* tmUtewnin^s du w,ud d*gre, a tkto-ie dc c s fortes dc problcMu nV oil |m .1 i . ivnient purler »gt 
41 pQUttce an deia du pre: dor dtgr^ k * 
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wrh en four centuries before Bachet. The . e are not without direct proof, 
t ori; the original, vet, as even the oc.it S:o; . t -on of the Bija Ganita, or auv 
mnnber ot »ueh copies exactly correspond eg, n mid .still be open to the objection 
of interpolations, ii is necessary in endeavouring to distinguish the possible and 
the probable corruptions of the text, from what is of Indian origin, to recur to 
t..^ natuie of the propositions themselves, and to the general historv of the 
science. Indeed we have not data enough to reason satisfactorily on other prin- 
' if * Wc cannot rely upon the perfect identity or genuineness of any book 
h. i'.-rc tlie invention of printing, unless the manuscript copies are numerous, and 
of »lie same age as the original Such is the nature of our doubt and difficulty 
mthisca.se, for ole mathematical Sanscrit manuscripts are exceedingly scarce; 
and our uncertainty is greatly increased by a consideration of this fact, that in 
I lU . times .he Greek, Arabian, and modern Europcau .science has been introduced 
into the Sanscrit books. 

Vet, h; cases pr wisely parallel to this of the Hindoos, wc arc not accustomed 
to withhold our belief as to the authenticity of the reputed w orks of the ancients, 
and in forming our judgment we advert more to the contents of the book than 
lo the state ot tlie manuscript. When the modern Europeans first had Euclid, 
they sa-v it only 'lw.ugU an Arabic translation. Why did they believe that 
pretended translation to be authentic? Because they found it contained a well 
eounccivn body cf science; and it would have been equaMv as improbable to 
suppose ’hat the Arabian translator could have invented it himself as that he could 
have borrowed it from bis countrymen. There are principles on which we decide 
sur;n points. V V must not look for mathematical p.oof, but that sort of proba¬ 
bility which d« u, iii ordinary matters of hiftbm 

Every scrap of Hindoo science is interesting ; but it may be asked why publish 
any winch caunor V authenticated? I answer, that though tins tuition of 
,vtH Allah s winch pro!cases to exhibit the Hindoo algebra in a Persian dress, does 
indeed contain some Hungs v. lin n are not Hindoo, yet it lias others which arc 
a t only Hindoo. B< separating, the science from the book we may arrive at 
principle*, v hi J 1 cautiously applied, cannot mislead, which in some cases w ill 
sl * CWU ‘ the hath and will often bring us to the p, bahiljtv when certainty is 
not „ad On this account i think the Persian tru. station at large interest- 
mg, notwithstanding it contains some trillion- matters, some which are not in- 


.' ll.gible, and others which arc downright non sens'. 
11 ... & 

1 riav 


md tiiat Mr, Davis s notes shew a connexion of the algebra of the 


mtST/fy 



<SL 


PBIFACE. 


9 


Hindoos •with their astronomy. Mr. Davis informs me that in the astronomical 
treatises of the Hindoos, reference is often made to the algebra; and particularly 
he remembers a passage where Bhascara says “ it would be as absurd for a person 
“ ignorant of algebra to write about astronomy, as for one ignorant of grammar 
“ to write poetry.” 

Bhascara, who is the only Hindoo writer on algebra whose wtorka we have 
yet procured, does not himself pretend to be the inventor, he as .nv • • no ch.oaeui 
but that of a compiler*. Fyzce never speaks of him hut as a person'emitui.'K 
skilled in the sciences he taught. He expressly call" him the compiler of the 
Lilavati. 

I understand from Mr. Davis a id I have heard the same in India, tluu the 
Bija Ganita was not intended by Bhascara as a separate unconnected work, but 
as a component part of one of .is ru-ati-rs on astronomy, another part of whicii 
ia on the circles of the sphere. 

I have found among Mr. Davis's papers, some extracts from a Suuseiit hook oi 
astronomy, which I think curious, although the treatise they were taken from is 
modern. Mi. Davis believes it to have been written in Jy Sing's mu- . when tu- 
European improvements were introduced into the Hindoo books. IVo id these 
extracts I have added to ihe notes on the Bija Ganita. I he first of the two 
shews that a method has been . un fed by Hinrlon Astron-uini- (o Bhascara of 
calculating sines and cosines by an application of the principles which >oh\* 
indeterminate problems of the second degree. This suggestion is doubtless of 
Hindoo origin, for* the principles alluded to were hardly known i. Europe in 
jy Sing’s timej. I think it very piobable that the second < xm-: is a- - parch 
Hindoo, and that the liter knew of Hindoo authors who said tin sqi .ue too 
might be exli tried In die eoolul. ; that it to ; , the piiud|-ic '• liich i fleet' f • 
solution of indeterminate piohh ms of the first degree. From this, and met .hat 
is in the Bija Ganita, one cannot but suspect tii.it the Hindoo? had continued 
fractious, and po-isitw -me canons ari i.inetie of s ‘hi *uch main..- -■ 

ever, let every one exercise his own judgment. , 


* " AliiKNl any tfoubli- ;,n;t • vvf-ul-i be ' .li|)-*n» a--il l.y llie |M»Ov " •>' lev 'nif tjr.it •„ 

•< ,> n aljo.brj liom i.icli niu.au , ,1c,tmrs be cMi-.-. t*t hi« Hi - If.in • .tml •' ■ -n H-- i • : • ■ . . 

suppe’-'iA’to be entirely 1-M '—At. K-.'j. vo). i.i. Mr.-On'is — On the lti.iliu) t '’■-•* o. ,. 

I* jy Slugn’ij’ntvt from 1 lo 171*. 

* Mr. R< «lx?n Burrow, !;■ t: c, it no a fu* •• ufbssctf i« very k Munuaitii on lb • m* in a pape* 
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We vnu ,t not be too fastidious in our belief, because we have not found the 
works of the teachers of Pythagoras; we have access to the wreck only of their 
ancient learning; but when we see such traces of a more perfect state of know- 
' when we sec .hat the Ilirfdoo algebra 600 years ago had in the most 
interesting parts some of the most curious modern European discoveries, and 
v. hen we "e that it was at that time applied to astronomy, we cannot reasonably 
doubt the originality and the antiquity of mathematical learning among the 
Hindoos. Science in remote times we expect to find within very narrow limits 
indeed, its hi-,ton/ is all we look to in such researches as these. Considering 
this, and comparing the contents of the Hindoo books with what they might 
h e e expected to contain, the result affords matter of the most curious 
Speculation. 

May 1 he excused for adding a few words about myself. If my researches have 
• l>o so deep as might have been expected from the opportunities I had in 
Inb’a, U t it he remembered that our labours are limited by circumstances. It is 
i e I had at one time a copy of the original Bija Ga .ila, but I do not under. 

. .ml Sanyrif, m>r had T then any means of getting it explained tome. Odicial ’ 
a vocation# often prevented me from bestowing attention on these matters, and 
fro • s sizing op| rrtuuiiies when they did occur. Besides, what is to be expected 
it* this nay from a mere amateur, to whom the simplest and most obvious parts 
< niy of such subjects <ne accessible ? 

e. a 


The/.’o.’: g uemunt of Ata Allah’s Bija Ganita is partly literal translation, 
pauly abstract, and partly my own. 

h i literal translation ■* market; by inverted cornOiiS ; that part which consists 
o ; u y own remarks or description will appear by the context, and all the rest is 
abstract. 

I have translated almost all the rules, some of the examples entirely, and 


in It e i.uvlis' of .! Ctl v«.|. of Hie A*. Re. .,enk* of tin* Lilav Ui mnI £lij? Ganita, and of the mathematical 
knt of Hu* H t vo » .ki I*; v l\ui iii, tli*it son*t: *.in .igu there wert other treatise) of 

tve, (See tU* paji* r.) 
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otliers in part; in short, whatever I thought deserving of particular attention, for 
the sake of giving a distinct idea of the book. 

Perhaps some of the translated parts might as well have been put in an 
abstract; the truth is, that having made them originally in their present form 
I have not thought it worth while to alter them. 

The notes are only a few remarks which I thought might be of use to save 
trouble and to furnish necessary explanation. 


/ 1 ' 
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BIJA GANITA. 


‘'After tlic usual invocations and compliments, the Persian translator begins thus: 
“ By the Grace of God, in the year 10 ;4 Hegira” (or A. D. 1(534) “ being the 
e ‘ eighth year of the king s reign, I, Ala Alla Raslieedee, son ot Ahu.cd Radii, 
“ have translated into the Persian language, from Indian, the book of Indian 
«* Algebra, called LJeci G'unnit (Bija Ganita), which was written by Bhuskct Acharij 
“ (P.hascara Acharya) the author df the Leelawuttee (Lilavati). In the science of 
“ calculation it is a discoverer of wonderful truths and nice subtilties, and it eon- 
“ tains useful and important problems wliich arc not mentioned in the LedavutU e> 
<i nor ; n atl y Arabic or Persian hook. I have dedicated the work to Shah Jehan, and 
i have arranged it according to the original in an introduction and live books 

INTRODUCTION. 

“ The introduction contains si>* chapters, each of which has several sections/’ 

CHAPTER L 

On Possession (JU>) ano Debt 

4f Know that whatever is treated of in the science of calculation eiihcr 
44 affirmative or negative; let that which is aiiirmativc be called vial 3 aid that 
44 which is negative This chapter ha- live actions ‘ 

Sect. I. 

On Addition find Subtraction, that , 'o cnerctm and <1 finish. 

*< If an affirmative is taken from an affirmative or a n< gativc f e.ni a neg\ai:vi% 
“ the sulrtrahcml is made enut-.et v ; that is to sav, if if is affirm:'dye sup] sc it 
** negative, and if negative suppose it aflirnutivr, and proceed us in addition. 

4 The rule of addition i?,. that if it is required io add two affirmative quantities, 


* tiie ed.mc.qtmm licrtM «•<! or* AcMe, 





Id 
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u ot two negative ^autities together, the sum is the result of the addition. If 
lv;ey are alhrmativc call the sum affirmative: if negative call the sum negative. 
If the quantities are of different kinds take the excess; if the affirmative is 
“greater, the remainder is affirmative; if the negative is greater, the remainder 
“ is negative; and so it is in subtraction.” (Hero follow examples). 

Sf.ct. II. 

On Multiplication *. 

“ If affirmative is multiplied, by affirmative, or negative by negative, the product 
> • ihrmative and to he included in the product. If the factors are contrary 
“ -he product is negative, and to be taken from the product. For example, let us 
multiply two affirmative by three affirmative, or two negative by three negative, 
the result, will he six affirmative; and if we multiply two affirmative by three 
“ negative, or the contrary, the result will be six negative.” 


Sect. III. 

On Division. 

‘ Flie illustration of this is the same as what has been treated of under multi* 
■ ‘ ■ ,jl 1 1 r* o sij. it the dividend j d the divisor are of the same kind 
“ the quotient will be affirmative, and if they are different, negative. For 
x.i’nplc, it •< is me dividend and 4 the divisor, and both are of the same kind, 
he quotient will tie :2 affirmative ; if they arc different, u negative.” 


Sect. IV. 

On Squares |. 

lh : squares of affirmative and negative are both affirmative; for to find the 


.u ilic JV • jilt Irmv lotion product of iiurntu-ii : gcinHi)^ rolled li e fiff'ldncflc, 

Itflc! .i i ern: u iu: ii .-t on \igebra in v bicti flicrt* vv i» this .i, c~»*' Any i<un>lH*r whith is lobe multiplied 

f b ' U ‘ Ml J ' ! >v by nii;'. oi - ., ( | t u/Klby u!g<p. 

* ^ aU Am1 the ptriw * iK by :ir ii.meiK font snu-,,.. (' by mea 

w * ,18u ' u,Kl Ig^braist/i povbc:uinn ^ used for phts $ ami 

’ l ‘ ’ ^ ^ r, ‘ 'vJ/u/i arc Arabic, nr * w J in J Persian translation 

•«. i< ja. -Mi'itjj lln o*Tttinoal moi>. nc jucnlly Ih.m ti»ur corrt.bjK>miing ariUin.ciicai oi algcbiaica) one*. 
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u square of 4 affirmative we multiply 4 affirmative by 4 affirmative and by the rules 
“ of multiplication, a< the factors are of the same kind, the product must be lb 
“ affiimativ'e, and the same applies to negative. ‘ 

Sect. V. 

On the Square Root. 

“ The square root of affirmative is sometimes affirmative and sometimes \gi- 
“ tive, according to difference of circumstances. The square of 3 affirmative or 
“ of 3 negative is >j affirmative; hence the root, of p affirmative is sometimes 3 
“ affirmative and sometimes 3 negative, according as the process may require* 
“ But iffiany one asks the root of 0 negative I say the question is absurd, for there 
“ never can he a negative square as has been shown.” 

CHAP. II. 

% 

On the Cither. 

“ It is divided into four sections.” 

Sect. I. 

On Addition and Subtraction . 

“ If cipher is added to a number, or a number is added to cipher, or if cipher 
“ is subtracted from a number, the result is that number: ami if a number is ntb- 
“ tracted from cipher, il‘it is affirmative it becomes negative, and if negative it 
“ becomes affirmative. For example, if 3 affirmative is subtracted from cipher 
** it will be 3 negative, and if 3 negatives subtracted it will be 3 affirmative." 

Sect. II. 

On Multiplication. 

“ If cipher is multiplied by a number, or number by cipher, or cipher bv cipher 
“ the result will be cipher. For example, if wc multiply 3 by cipher, eon- 
' ■ ,cly, (ho result ’ll be ■ /*• 


misT/fy 
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•1.1 .;odu:tiox. 

Sect. III. 

On Division. 




‘ If the dividend is cipher and the divisor a dumber the quotient will be cipher. 
t; For example, it’ we divide cipher by 3 the quotient will be cipher, lor ivmlti- 
« plying it in' the divisor the product .will be the dividend, which is cipher: 
u and if a number is the dividend and cipher the divisor the division is impossible; 
“ h/r i>y whatever iuimbe>' we multiply the divisor, it v dl not arrive at the divi- 
dead, because it will always be cipher. ’ 


Sect. IV. 

On Squares, §c. 

“ The square, cube, square root, and rube root of cipher, are all cipher; the 
reason of which is plain. ' 


CHAP. III. 

On Co lov as. 

« Whatever is unknown In examples of circulation, if it is one, call it thing, 
** ( ), and unknown and if it is more call the second black, 

“ and the fhird blue, and the fourth yellow, and fifth red. Let these be termed 
*’ colours, each a» < •wdiug to its proper colour. This chapter has five sections. 

Sect. 1. 

O: iddiiion cm ! Subtraction of Colours. 

“ V.’bcn we would add one to another, if liny me of the same kind add the 
‘ numbers* together ; rf tl y aro <■ ' two or more kinds, unite them as they are, 
“ ,.nd that i!i be tJie result of the addition.’ Here follows an example. 

; If-.-C .. -sh to subtract, that is to take on. from *b' other, let tlic subtrahend 
«r \j c ?»•#!. If then two terms of the same kind are alike in this, that, they are 
hi b r.d’Hwi, ive or b tlr res, rve. let thru smn U tai-wu, +■ ’ liei" ist■ their dif- 
u fercuev. and whati er of the kind cannot he got front the minuend, rmist be. 


Nieamng here t . • ; 
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“ subtracted from cipher. Then lct.it be reversed, aud diis will be the result 
“ exactly.” (Here follows au example). 

Sect. II. 

On Multiplication of Co'oitrs. 

If a colour is multiplied by a number the product will be a number*, v X 
“ will be a 1 *, whether the number is the same or different, and the product multi- 
“ plied by x will be .r*. If the colours arc different multiply the numbers - T hm h 
“ together, and call tlie product the rectangle of those two colours.” 
following is given as a convenient method of multiplying: 



*4“ 3ii* 

+ 2 

+5.t’ 

+ 1 5x k 

+ lO.r 

— 1 

— 3.v 

— 2 

Prodnet 

+ Ida * + 7-e ~ * 


which shew* the product of —]) X (3i i- 2.) (Here follow ■‘samples). 

in 

On Division of Colour*. 

“ Write the dividend a,id divisot iuoiv plao', liiul numbers or colour 01 Ihc Ii, 
“ such that wlicii th< y are multipli al by the divisor, .the product -acted f'wi'i 
“ the dividend will leave n - n:m under. Those 'numbers <*r colour w dl bt the 
“ quotient.'' 


* In flic Pewian (uniUliflO Mint, i*, no iiiul.ii .,i, ( ) tnrin 0,1 tnn ...t, 1 4V f ( * uiikiuiw» <> b> i’$ 14 *• o 
black" by y, ai»<l *o oo. VnJ . 1U, nr.imnr I Juve wd t!i«nurl.. ol &•:. iioUsni of •• iiinp 

tlie words at load' av/ilijn n bju ■ ; -ij., 

















On the square of Colours . A 

“ That is to .say, he product arising from any tiling multiplied by itself," 
Exairp'cs. 


Sect. V. 

On the Square Root of Colours. 

“ r fo 1-: . - ■ the square root of a colour, tin cl that which when it is multiplied by 
• itself vh' product sub-• icd fomi .In: <d mr u hose root is required, w'ill leavefio 
“ remainder. The rule is the same if there are other colours or numbers with 
“ that colour.” 

Kui.,ij>le. Required the square root of 36' —4S.r. The roots of lG.r* and 

% are 4.t and 6, and as 48.r is — lliC'C two roots must have different signs. 
Suppose one + and the other —, multiply them and the product will be — 2+.r; 
y. ice this is — 4H.e wlii 'h am.; required. The root then is «f4.r—6, or +6'— hr. 

'Another Rxautple. .Required the square root of 9.e*+4^*+« 1 + l2.ry—6\i a — 
fw -d'e— ,?/-(- f.M-; 1. Take the root of each square ; we have 3.v, lit/, z, and 1. 
Multiply these quantities and dispose the products in the cells of a square. 



3r 


z 

i 

3x 

p* 

Oxy 

3,rr 

3x 

S.V 

dry 

■<y 

5 lyz 

% 


S.4’.s 



s 

1 

3.r 

% 

I* 

m 

1 


To fmd unt sort of plan titles these art : The product of r and y is +, there- 
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fore the factors are like, suppose them both —. The product of .v and « is — 
therefore the former having - been supposed — the latter must be + became ■ 
factors must be different, 3.v i-> the product of 3.r and 1 : and r being — . 1 must 
be +. The sorts thus found are to be placed in the cells accordingly. The sum 
of the products is the square whose root was required. If r had Ken supposed 
+ the sorts would have been contrary, the reason of which is plain. 


CHAl*. IV. 

* 

Ov Sui.ds. 

Containing five sections. 

Sect. I. 

On Addition and Subtraction. 

To find the sum or difference of two surds; v/tf and y/b for instance. 

Rule. Call a + b the greater surd; and it 'a X b i* rational call 'Zy/ab the less 
surd. The sum will be ! \-2\ // ab)', and the diffeeuee ^/(a+b -2\Zab). 

If a X b is irrational the addition and subtraction are impossible. 

Example. Required the sun> of y/<2 and \/ti; |- « r: 10 ihc greater : urd. 

Cx8 = l6, v'ib’Jt, 4X>2 = 8 the less surd. :and 10—8 = b. s/'S 
then will be the sum and %/- the difference. If one of t he numbers is rational, 
take its square and plot ceil according to the rule, .md Ibis must be a 1 tended to in 
multiplication and division, for on a number square will 1 a number not u:ue 
the Operation • nmol be performed. . 

Another Rate. Divide a by 1 b and write iu two places lit the fist 

place add 1, and in tin: round subtract 1 ; then \u -.1 inf! Vn . y /(^(\/~ d- l.T.X b) 

- %/a d- y/b - ul V 7 ')-Xo)_ \/u~\dh. Jf ^ is iirational the addition 

.ring thd >urdr as they aro, And the sold 
the greater number q- and llie lc ■ 
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Sect. II. 

On Multiplication. 

Proceed according to the rules already given; but if one of the factors lms 
numoeis as dirhems or dinars, take their squares and go on with lire operation. 

Kvuhiplc. Multiply + £ by c/2-f* -Pv 7 ** As J is of the square sort take* 

its square, md arrange in a table thus : 



v/2 

v'j 

v/« 

vO 

%/G 

v/9 

v / 24 

s/ L ZS 

\/do 

...... 

v/7j 

s/ 200 

Product; 



I*' summing the terms of the product* if any square number is found, take its 
It'e y is on (1 and it ^ roo;. is p, Uhc rot ot the icons being irrational, 
au * '- ar;n 2 5 can he added, v' £4>~\/54r* If this Iasi were a square number 

its roc* should be extracted. 

Ag.i ru v/Sb+VCOO^y^O. No further audition is possible; the complete 
product therefore is 3+y'54d-\/450+ \/75. 

.Another rule to be observed is, if any of the Imu:: which compose the factors 
ovJr take U nr mtn mid voire it m t) - table instead of the terms of 
vhi n .r < burned. I bus it die last exanq Ic v/v and y/t nm, be added. Write 
vM* which 5. their mm in the table, and we shall have 
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S3 

Sis 

S3 

S9 

S3i 

t/2.5 

sn 

SiSO 

S + S?S‘ S5i+S460 


<SL 


ill 




and the re.suIt is the same as before. 


Another Example. Multiply S?+S*5 by S3+S12-J. Instead o ' v/S and 
\ZJQ write tlieir sum Su7- Take the square of .} it is S6, and this is negative 
notwithstanding the rule Which says that wboEhef the root is negative or affirma- 
tive the square shall be affirmative. VIeie the square must be of the same sort w 
the foot. Multiply S27 — \/'2 r > by S3-hSfZ5. 



+S27 

1 

~S‘25 

+ S3 

-hSS l 

~~S75 

+ S ( 25 

+St>7S 

— S625 


— Id V v / 3W 

— - — _ _ _ _ 


i/b 1 uf) and i / (‘25rs%6. Sb being negative and «) affirmative tilth- sum is — I6\ 
and the sum of + a <.d - v ,\5 is +-v *'00. Therefore (v/;; ->■ S'2j)>C 

t^ + %/12- ■> .. -ib-f v/300. 
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Sect. HI. 


On Diri'iion. 

Di 1 idc l!;c: dividend by the divisor, and it' the quotient is found without a re- 
.nainde-i the dK ' .ioti i-. complete, d hen this cannot be done proceed as follows : 
\' l),;n iu the divisor there are both affirmative and negative terms, if there are 
e cf the former make one or them negative; il more of the latter make one 
or them affirmative. When all the terms are affirmative make one negative, and 
when ah. are negative make one affirmative. V. hen the number ot affirmative 
terms is equal to that of tlio negative, it is optional to change one of them or not. 
Multiply the divisor (thus prepared) by the original divisor, and add the pi o- 
divl- rejectin'? such quantities is destroy each other. Multiply the prepared 
divifc ,, L> - the di.h'cud, and divide the product <>1 this nvdtipliealion by tliat ot 
the former the result will be the quotient required. 


Li.ovjflr. L« the dividend be that which was the product in the first example 
undei the rul( for multiplication, viz. :J - s/5\ -f- s/450-j- s/75, and the divisor 
v/lft 4- v/3. 


75 


3 


<25, — ‘15, 3 l 




3, 


14 
1 6 


3, s/25 = 5, 


the quotient then is 5 + s/3. 

Another Example. Divide s/0 + s/5\ + s/ 4*0 4- s/75 by 5 4- \/.>. Make 
••/n . vc. a 1 multiply 5 (or s/7.5) — \/3 by the divisor t/25 4- s/3. 



| -f / 21 

— s/ 3 


•+ / 3 

-W75 

-s/\) 

* 

j Vs/%5 

+s/§%5 

- /75 
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s/75 occurring twice with opposite signs is destroyed, v'bv i—25, v / 9- 
25 — 3=22=^484. Multiply \/25 — \/3 by the dividend and we have 



+s/9 

-fv/54 

+ s/l 50 

+ v/75 

-v/3 

—v'~7 

— v'l 62 

-v/1350 

[ 

—\/£25 

+ V/25 

+ i/225 

-j- V 1 -5 »0 

+ v/ 11250 

+ v'l375 



line and \/l h>0 are rejected. Find the sum of v / ~<“ and \/le~' in tin¬ 

man ner, 

1S7.-7 q- 27 ~ 1})0«, 187-* X 17 50(»25, </ 50tf*D r- 2tf5 

2'i»X£—450, J£>0*2 — 150=14.112, v / 1452 =\/1875 —\/27. 

Next find the sum of \/lb2 and v'l 1250. 

162 -f- 1 1250 = 1 141'-’, in-’xn250- 1802500, 
v/1822500=1350, 1350^2='700, 114 lg-2700=8712, 
v/STICrzv/l 1250—\/Ui2. By the- multiplication of the dividend • e lnve found 
v/145'- and \/$7 12. 

Divide these by v'-lxl which was the result of the mui?ip!h...!;ou cf the 
ui visor, and we «iml! have v'l 8. ami v .5 lor tin. quotient required. if v'‘ is 
retained as correct, and v'l 8 is considered as inconcct, instead of v'l- s oth 
number- may be found bv the following run- f . 

Divide the incorrect number 1 meaning the uumbn under the radical siyiO I - 
any senate ituinl cr which w ill divide it u it bout a remair 1 . r, and i< 1 as- qum it. 
Divide the root of that square number into a- .my pa 1 • a- there are numbers 
required. Dike the squ res m 1 in .0 parts ; multiply lh.:m by the quotient above 

* To n&olve \/a i, .< several p.trti, <livi i. « b) .u v equar. . unu let h i't v - u* *i? m;« p .* £ » *' • o 
Stc. 89 may l»« Tl n i/o— \/ ( <\ < \ ( ’'')4- */(;' <*) «.t. v ! ..i a -he !*y inH 

%Uc qudnliti' ^ 1 , 
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found, and the roots of the several products will be the retraining parts of the 
quotient required. 


rr s /[) - -J, .4- 2, 1* = 1, 2 1 = 4, 1X2 = 2, 4X2 = 8. 

v/£ ad v /s th(* remaining parts of the quotient. 

Sect IV. 

On (he Squares' of Sitrd.\ 

MeltipK the surds by themselves.—filer ' 1 follow examples).—The squares are 
found by multiplying the surds in the common way. 

Skct. V. % . 

On finding tl<r Square Root., oj the Squares of Surds*. 

" If the square is of one surd or more, and I would find it" root; first I take the 
‘‘‘square of the number that arc with it, and subtract these squares from it. 
“ Accordingly after subtraction something may remain. I take the root of what - 
“ ever rcnr-iius. add it : n one place to the original number, and in another sub- 
“ tract ii from tlie same. Halve both the v< suits, and two roots will be obtained. 
u I then re-examine the squares of the surds to know whether any square remains 


* f..ft a 4 , <W y/c+\/J, c. he (ho ■» /’.arc of a nmltiuoinial surd, a the fim jf the squares of the roots, and 

V" -r V 1* V J ,s, < * Ihr product of the motn tu'.cn tv 2 nd tv o. i mm,her of rooU Lei:, ■ th- nu , - 

brr '•Mt'rr, a in - c sr; • 1 *. V. 1 , i.v ol wim t ■ » n Uv * l,f - 1 'oroocr t*f ration il : ^mi, iiul — ti ihc in uberof 

H * tl 

-urd pro'iur it *ve dl «.I*" • .**i j iv j nnlm .; dm;»lc tertm, ■ "ill express tin.* mtmlKr of &urd terms, 

• :*i corntfl' .?<)•» the itti:' of the ration.ti len » a*- *• ttrrui, M,o prop > ed nquare mar he redtu •:<! to the form 

(* 4- / 4- * 4* &r.) 4 . {)\/xy 4 2y/x 4 &c.) ;* ('{V ¥* 4 fcc- -Vt ) 

ss rr y/% 4 y'v + V• + &< • •*. tie. >1 «.i th*; squa. , and l!,* curd t« »i» j cm tl»? equait arc di.kh'd into 


r !» »i 0—*1, >1 —~ *?, lib-** 3 , &•’. 

. directed in (he L< ej Uinjtiit. 

Suppofhij^ a + a •< 

-S O 

,, 4 •(* (. 


£ 4* ^ 1 * 

s 


kc. 


/a± — 4XR ) , 

y -- 5 -- = V* r v * 

/r t±r -*■ *yi,) 

y —• ~'t -— V» ™ >/ f 


*: v/(:r» — jhr ) 

-nS - -'*-K =5 i/l ' ! I'.r 4cd 00 4- ii 
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€i after the subtraction or not: if none remains these two are the roots require*I; 
“ if any remains; that one of these two roots, to which (he following rule cannot 
u be applied, is correct, and the other is the sum of two roots; from that rout we 
“ obtain the two roots required. The way of the operation is this, suppose that 
“ root number, and take its square, and subtract from it the square which was 
“ not subtracted at first, and take the root of the remainder; let this be added in 
“ one place to the original number which we supposed, and subtracted from it in 
“ another place, and halve both the results, two roots.will be obtained. If then 
“ these three are the rpots required, the operation is ended, otherwise go on with 
** it in the same manner till all the roots are found; and if the first question Is 
“ ot a number without a square of a surd, ir may be solved by the operation 
“ which was described at the end of division. And if in the square there are or : 
€i or more surds negative, suppose them affirmative, and proceed to the end with 
“ the operation ; and of the two roots found 1 * t one he neg;Uh&” 

Required the root of 5 + y/ 24; ,5 4 ~ 25, £5 — £4 = 1 , v/l = I, 5 + 1 ~ 6 ; 

/> . 

4 — l = -i, ~ ~ 3 and | = %; and v /6 + = v / (.5 + v / sl4). 


Ami her K.rcimple. Required the root of \ZlO j iO ; =r. 100 , 

100—(24-b-iO) = 86 , v/36 = 6 , 10 4 - 6 = 16 , 10 — 6 .-. 4 , = 8 , ~ then 

we have \/\i and \/ 2 . As 60 remains to be subtracted, one of thebe two m n hers 
is one tern) of the root, and the ot!:o 1 t 1 ; sum of two remaining. tc-ms 
(should be the root of the sum of the squares of the remaining terms). The rule 
is not applicable to £, therefore 8 must be the sum of the terms. r: ( 4, 

64 — 60 = 1 . v '4 =. 2 , 84 - 2 = 10 , 8 — = 6 , 1° = .» and ■’ = 3. Wherefore v / 24 - 


v/J + \/5 — v / (I0+y , ‘- > *+V / 40+v / 60). 

Another F.rnmple. Required the root of 16 4 \/ '. -6 \/\0 H \ -f-\/60 

+ v / i‘24-v / 120 .; l6*=sC5fi, 2.46— (2*4-40 + iS) =. 144, — 12, lOj 12 = .8 : 

16 — 12=4, ~ = 14, - — 2 ; 'vr have then 'bid As the rule, dors not 

apply to 2, i4 mu-.t be the sum of two remaining icrur.-, of tbe root, 14’- K>6, 

196 —(]2’0-+-72) = 4, v / 4=2, U+S*_ 16 1 * -3 = IS, ^- = .," = 6. Out surd 


remaining, and the rule not being applicable to 6 . s must he the m.ivu t-f two 

/fuoi* 

- , i b —*~ 


» w 


Of w* 
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All the terms «>f the square having been brought down, the complete root is 
\/i -l- \/5 4* ^3 + v/ 



i X ~ : therefore v / /2rv/18'+/»+V2. « three equal terms had been 

;>o 

required, the root of the divisor mu t have been divided into time equal putts. 

A .other E .an pie. It is required to fmd, the difference of %/3 and V7- *he 
ride not beimr applicable to this case, suppose Vl affirmative, and v/:5 negative, 
the square of these numbers is 10-u/84. To determine the root of this, suppose 
Si to be positive^ 10*= too, 100 —HI —10, y/l 6= 4, 10+4—14, 10-4 — 6 , 

;-7 — 3 . T 'Vc have then \' , 7 and \X3, one ol which must be minus because 

<j 7 o 

\/ r, i w as ;vnru$. 

ji -'titter F athple. Whether the : > r >t *s -i -%/%+•>/'$— V$ or — v 7 %/3 hv > 
the square will be tlic same, viz. 10+\/?4 —\/40—\/60. 

J_« t tu ' re f of this square be determined; 10" = 100, 100 (40 + '">)) O, 

v /,.: 10 ,- 0 = 10 , 10 - 0 - 10 , =* . 4 , ~ = 5. As ✓ 04 remains, 5* =25, 


1 — <j. If 04 + -i 0 is sub- 

i > 

, , 16 £> 4 


6 


i. \/l~ 1, 5-1-1 -G, 5—1:-4, 


U: (• fit mi 1(H) there remains 16, •/ 36'n 6,10+6 ~ 10, 10 0 — 4 , ^ — •*>. ,, — 2 . 
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v /3 am l v / 5 . If <2 and 5, or 3 and .5 are both negative or both affirmative the opcr 
ation will be the same; the only difference will be in die sigh->- 

“If the root consists of one term only, its square "ill he ct the kind ot 
“ number; if of two terms, its square will be number and oncsuid; it the root 
« has three terms, the square will have one number and three surds ; if it, : - <>)ur, 
“ the square will have one numbe and six surds; it five, one numbei ano '' 
“ surds; and if six, one number and fitteen surds. 1 ue rule is, add the numbers 
“ in the natural scale, from 1 to the number next, below that which express > 
“ the number of terms in the root, the sum will shew the number of surds. For 
“ the L isc of beginners is annexed a table in which the first re!utn.n :ws the 
“ number of terms of the roots; the second column shews the number of surd 
«• terms in the sqnaics; aud the third the number - itional terms in the 
(i squares, from 1 to 9. 


No. of terms in 
the root. 

No. of surds in 

tht* sqitaiv. 

No. of rational 
terms in the 
squares. 

i 

0 

i 

fi 

1 • 

1 

. .. — . - - 

- -- — - 

. -— 

3 

3 

1 

4 

fi 

i 

J 

10 

1 

a 

J .> 

1 

7 

dl 

1 

8 

S 8 

1 

(J 

30' 

'1 


♦ Thu number of sord terms in tin qu.wcbpii t'. •; the ivuii of the mm ben * i . jutural 


„ from l to the Dumber luptymUrv 


1> V 
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“ l or uiimbrji, consisting of more terms than Q the number of ^urds in the 
*' squaiii-av be found by the rule w hich bus be n given. It in the square there 
li ue three surd trims, first subtract two of them from the square of the numbers 
; Ui.cl aft .. .vaob subtract the third. If there are six surds, first subtiact 3, then 
' and so dp ; if there are 10 surds, first subtract -1; if 15, first 5 ; if 21 , first 6; 
“ ii' lio l 7 : if 36, first 8 ; and in general the number of surds of the square 
“ v i.i be found in the table in the column of roots next above the number 
* o'" its rout. If thi / arc not subtracted iu tbs regular order, the result will be 
A long. The test of tin ion of this t if cither of the two numbers found 

■ ! • "e ’ uic - multiplied by 4, and the number which was subtracted from the 
" i; of dm rational term is divided by the product, the quotient will be the 
“ other r umber i'.u.nd, without any remainder. If cither o 'those two numbers 
! - 5 a tree: term of the ioof, and the other the sum of two roots, the least, or 
,r,a which is tlic correct term, whet^et m numbei it be more or less than the 
“ *H ot the sum 'i 1 t vu root . ItipUcd by 4, and every quantity 

" th «. has been ubvru' u.d n.ust 1 • divined ny the pi- duct., the quotient will bo 
“ 'be in ii ibei:> qf tlu: required roots from tlie second number. If, after this divi¬ 
sion, lucre is my remainder the operation is wrong. 

The squares of d! moofrid numbers * arc made up either of rational numbers 
" alone, or of rational numbers and ■ ids, as has been seen in the examples of the 
M ‘ tc 'iion on squares. t 

" i. a moofi uimtar with ii 

u anii')i be found. If a surd is divided into two: —For example, if.v/lS is 
t!;\ uled uto \/c au«l y/%> its root will have one term more than it would have 
hud t au-;rly : and it \vt> sur<U are united the root will have one term less. 
Tlu e i . u operations of separation and union must be attended to and applied 
w icntM W 'b»‘v ai pofc&ilfe.” 

rln ltrquucd tlu* if. >i of io -f- AC -[ y/C\ + From the square 

01 iu vs Im U is voo # Hubtnu t any two of da numbers under the radical and 

• tie » u • ■» 11 c; .i* v ,!l f. u rational: the cu.c then Ibu in j il)k. If \\t proceed 
1“ tin- ’ uIt j by uJ * aciiir^ at (.nee the lh»*c terms Irom J0() ? \\c sluiil 

hue... ii' remaim ei, *.. n y* i(. C> 10-j-G - It, |0 — <#s?4 8, zs C. Wc 

A A 


iVi >olV m rnrnnA fri njuc ^jjiH»rd i«i i. n i but .< uur r uf U,i* - m > u » ,«.•<! to 

fUjJfCS' .. II llnbi’.l l».s|hg »•»*♦ ) ; i)|(i I fq ,t» 
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;:ml then n/S and v/2, but these are not the true roots, for their square Is IS. 
If we proceed contrary to the rule by (hiding a surd equal to ol the 
as y/752, which is the sum of %/32 and %/8, and extracting the root of 10-f- 
v / 7 < 2 _j_ v /q.], we shall have for the two roots v'b and v'4, hut their f-miarc ; not 
equal to the quantity whose root was required. I ho foregoing rules are illustrated 
by four more example-*, which conclude this chapter. 


CHAP. V*. 

“ To find the value of an unknown number, such that when it i multiplied by 
“ a known number, and the product increase d by a known number, and the sum 
“ divided by a known number, nothing remains. Cal! rbc number by which tiie 
“ unknown number is multiplied the dividend, the number which is added the 
<c augment, and that by which the -nun is divided the dh i-or. Find a number 
“ which will divide these three numbers without, a reutaiHder. Perform the di>i- 
“ sihn, and write the three quotients, giving each the same; designation as die 
“ number from which it was derived. Divide the dividend by’ the divisor, and 
“ the divisor by the remainder ot the dividend, and the remainder ol .m. divi* 
“ dciwl by the remainder of the divisc , and so on till one remains, rhea let the 
“ division be discontinued. Arrange all the quotients in a hue, write the augment 

below the line, uni a cipher > clw.v fi • augment. Multiply rite r.umber above 
•< the cipher; that is to*say, the augment, by the number immediately above if, 
“ and to the product add the cipher. Multiply the number thus found by the 
“ number next above in the line, and to the product add the number above the 
1 cipher, and so on till all the numbers in the line arc exhausted. If of the two 
' l numbers lust found, die loner is applied according 10 the question the number 
“ above will be the quotient. 

To lind the least values. Divide rhe value ol ’ i; by a ami call the remainder 
“ Divide tile value of .c by f i> am eall tin icmairvder .<•. M dtiply o "V lie 'alut 
*■ of a and to the [ rodnet add <\ Divide tb sum by // am the quotient u ill hi 
“ i: without any remainder. Aud if to tiie first remainder we .. Id n igain and 
“ again, and to the second umaindei (> as many times, wt ball b; ' mw values 
“ oi\i and \j. 

“ I In-, rule is -q i-iu rMe on!.wl • n the ii. inbei ot quoiiants i- even; "ben it > 

* ’Iih> rule viv* u >o tljls ■ ii.i| -i Ha in pH. i iHi • n**x> wl. !» »*■ <* r • *.' '■ 1 1 

Kuro|n:au AlgcbiaUl* fui ill# sulu iau ol ■ ,n,. aiiu.a • pintU iM ot (lie flirt t ttio"' v ’In 

|:fivp.- by continued frm:UoH». 
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11 ; n -i •. follows. Having performed flic operations directed above, .sub- 

4; Mart. 1 ' u: \ . ,<• <T // from a and that of a’ from 5. If a number cannot be found 
to dh hie a , 5, and \ w idiout a remainder, but a numbci can be found 10 divide 
“ a and c v : bout a remainder, (mppbsing the reduction of these two instead of 
k r l of lit three which was directed by the foregoing rule) x will be brought 
c ‘ our ; igbt am! y wioeg. To find y right, multiply its value now found by the 
voor or a"*; r in«l the product will be tlu* true value ofj/. If c and h only 
can hr rd.tcml by a common divUfor, the vaiue of x must, be multiplied by flic 

• »■ .mmm d: um .yj at 1 the quotient will he ihc true value of x. When e is — sub- 
u tr i d - \ rInc of from b, and that of y from ft/ 9 

v * 1! die u traction ; * possible let it be done, and the question is solved; if it 
f :;i i’ > vsiblc oppose the cm l - d the subtrahend above the minuend to be 
negative. Multiply the minuend by a number, so- that the product may be 
4 ■ or than Urn negative quantity. From this product subtract the negative 

quantity, uul the remainder will be tlu. number acquired. 

“ v » hi n a is — tin. same rule is to be observed ; that is, subtract the values of x 
' c ai d y iuiin b ami a . If c is + and greater than b reject b y and its multiples from 
e t* ! l a number hr> than b remains. Note the number of times that b is rejected 

• uom c ; if on rill he ,o remainder atV r rejection it is unnecessary to reject. 
*• (io on with the operation', add the number of rejections to the value of y and 
“ -urn will U its true value. The value of x will rcmahi a* before. If c is — 

mi/t: ei toe mimbm of rejections frm tb«- nine «u y. If a and c a re greater 
thm b nicer, b (o’its multiple^) from both; call the two remainders a and c 
md procr. d ill come out right and ?/ wrong. If there is no augment, or 
Ci iff dividro by b U w s no re , under, r will be = 0, a id y the quotient. If 
dr i u,./rs are net reduced, but: T (juoticnls are t !;en from oii:.inal nu n- 
)f:rs. x am i/ w ill always he brought out right. If the numbers arc i educed, 

' ^<1 Jf will I tr brought out right only wlrn liotli are reduced, and but one of 
then, v ; h tr biought out’iglir when bom am not rediradd’ 


■ 7 } b.'- a r v i, r — g h :::: jq>, dividing th(M junu rs by }y vu 

a :z 17, e : . Jlivitle 17 by la (a- above directed) coiuinu- 

• 'g me dir ion d* the :cmaiodi i [-> 1 , 1 hr quotient." Are 1 and 7 . write 

tr sc in :i. In with ( below then), and 0 below r\ thus: .——*-* 

1 by 7 the product is r, add r. t lie* Mini is 35 , Mid- j m 

iply 37 by 1 the product n 3:> arid 7# tin mm is 40 4 J lu* two 5 

h’M numbers then me 40 and 75, From 40 throw out 3 ; tn < 
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6 remain*} from 35 throw out 15 twice, 5 remains; therefore .t’= S and v ~ 6 . 
~~ i =C>. 17 4- 6 ' — 23 is a new value of?/, and 15 + 5 —20 a cones- 

J jJ 

ponding value of ,r, 2 X 17 ' -]- 6 — 40 is another value ofy. and 2X15 + 5—35 
a value of x. In like manner we shall have 3X17+6=57 aud 5x15+5=50 
new values of y aud ,r, and so on without end. 

Another Example, a — 100 , h~6:3, c~;)0 ; c being + or — . Although in this 
case 10 is a common divisor of a and c, yet as the reduction would give a wrong 
value of jj, write a, b and c as they are, ami proceed. We find the quotient 
1 , 1 , 1 , 2 , 2 , 1 . Arrange them in a line with c below the last, and 0 helov, 
in this manner: 

l 

1 




We have then 



f) 

*4 


2 


1 


90 


0 

l X 90 

+ 0 — 90 

2 X oo 

+ VO — 270 

2 X 270 

+ 90 -= 630 

1 X 630 

+ 2/0 as: 900 

1 X 900 

+ 030 = 1.730 

1 X 1530 + 900 = 2430. 


The 


j - V I- AU uc, 

latter by 100; the rental tutors arc 13 ami 30, therefore .. = IS aud y to. 
100 X 18 + 00 - 


~<h 


— 30. 


By another -method 


Divide 100 and 00 i>\ 10 , then a — ];>, b 6ft, c' — g • 
The quotients arc now found 0 , l>, 5, write them in a hue with c' anil 0 below 
we have 

3X9 + 0 = 2? 

6 X 27 , + ff 171 
<>X 171 + *7 -- 27. 


i i 1 
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V | • • lav. numbers are £7 and 17 b From 27 throw out 10 twice, 7 rc- 

••• '- !1 ■ ' 1 ro|n 171 throw out 6:3 twice, 45 remains. The number of quotients 
being odd, subtract i-5 from 63, the remainder 18 is the value of u\ 7 sub- 

iearned m 10 gives 3 lor y, which is not the tree value. To find y correct, 

multiply 3 by the common divisor 10, the product 30 will be the true value 
oly. 

A "> :es way ol solving t.ic same question is this, find a common divisor of 
mid c, lor example, 9- Dividing b and c by y we have a — J00, b‘ ~ 7, c'~ 10. 
•'erlorm the <! i v i sion aid arrange the quorieuts in a line withe and 0 below, the 
quotient, will be fit. und 14 and 3, then 

3 X 10 4- 0 =: 30 

14 X 30 + 10 = 430. 

boni 430 throw out 100 four times, :J0 remains. Here we have found a true 
value of ^ ami a wrong value oi r. Multiply 2 by the common djivisur 9, ami 

tl ' product 18 is the true value oi.r. This question may also be solved by first 

taking a common divisor of a and r, and afterwards a common divisor of b and c, 
as follows: 

Reducing n and c we have <C — 10, c/ ~ 9, and b — 63. Reducing b and r we 
have a as.- 100, <: = 10, U ~ 7- Unite the reduced numbers thus; a' ~ 10, 
b’ = 7 ; but c lia.ing undergone two ieductions take the difference of the 
nun>bets .v ising from the two operations ; then a — 10; b' 7, c* = 1, divide 
and arrange the quotients with <f and 0 as above directed, and we shall have 

2X14-0 = 2 
1X24-1— 3. 

3 and ? are now [bund for x and y, but the are both wrong, for c was re¬ 
duced boil; with b ami a. 2 must, be multiplied by .i the common divisor of b 
arid e, and 3 must be. i ultiplied by lo the common divisor of a and the true 
-atu> s d I l»e r: : s, y ■— 30; mil new values o fit/ and r may be mul by adding 
o and b again and again to those ahead , found. 
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Wliat has been said is applicable only when c is •+•. When c is —, subt ract 
IB, which is the value of a?, from 63, the remainder is 45 ; subtract 30, which n 
tiie valueof y from 100 , there remains 70. We have in this case x — 45, y — 70 , 
By adding a and b as above, new values of .r and y may be lou d. 

Another Example. Suppose a — — 60, b — 15, and c — 3 + or —. Wiiaout 
making any reduction, divide, and place the quotients with c and 0 e before, 
we have i x 3 + 0 = 3 

IX 3 4- 3 = 6 

IX 6 + 3 = y 

1 x 9 + 6 = 15 
4 X 15 + 9 = 69 . 

'Hie last numbers are 69 and !J. From ()0 throw out 60, 9 remains ; from 1 j 
throw out 13, 2 remains. The number of quotients being odd, subtract the 
value of x from 13, and that of y from 60, the remainders are II aud 51. As 
bo is — the subtraction must be repeated,, by which means we have as before 
x — 2 and y — 9 . If c is — subtract the value of x from b and that of y from 
and we shall have again x ~ 11 and y ~ 51. 


Another Example, a = 18, b = II, c — — 10 . Divide and arrange the quo¬ 
tients as before, we have 1 X 16 -f- 0 — 10 

1 x lo -f 10 — jto 

1 X 20 + 10 5 30 

1 X 30 + !i0 = 50. 

From .50 eject 13. and from 30, II , the remainders ate I 1 and c : being — 

subtract 3 from 11 and 14 from 18; whence x ~ 5 and y — 4 . 


Another Example, a — 5, b — c >j:l. Proceeding as bel we »h,i 
have I X 2 1 + * 0 — <3 

1 X 23 + « - 4b. 

As $ can be rejected but 7 times from 2 3, reject ,‘> 7 limes from 4b. : ic re- 
muimlers Site 2 anti 11. If c is — -ubiracr. 2 limn 3 there remains 1 , am! j] 
iron 1 5 iluic remains — 6. Here twin e must he added b> — (i, the Sum 4 is 
the value of y ; aud that tin numbers may correspond add Mice :> to 1 ; tb , w 
; is the Value or \\ ! If c h gi eater than A, reject b fV«mi c Tluvw out seven 

\ 
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tiinf‘ from 23, there remains 2. Make c =z 2 and place it with 0 under the line 

of quotients, we find 1 X 2 •+• 0 = 2 

1 X 2 4* 2 = 4. 

2 is the true value of v, and 4 which is fo< :ul for the value of j/ is wrong. Add 
7 tlu divisor of c to 4, the sum 11 is the true value of y. IF c is — subtracts 
from :J, and 4 from 5. and we .hall have 1 for the value of .r which is right, and ] 
fur the* value of// which A wrong. Suhtr .et 7 from the value of y, the difference 
is — 6 ; adtl twice* 5 to — 0, and we shall have* 4 the true value oi ' y. 

That the numbers may correspond, twice 3 must in like manner be added to 1, 
am. 7 will be the true \ .tie of .r. 

jimtl.cr Example, a — 5, b ~ 13, c ~ 0 , ore — 65 ; the quotients an 0 , 2 , 
1 , 1 ; place- them in a line with c and <> below, we shall have 

1 x O 4 - O r: 0 

1 X 0 + < — O 

2 X 0 + 0 = 0* 

0X04-0 = 0. 

Ado > to o, whicli starids for the value of y, and 1 3 to that which stands for 
he value ia v, we have iheriy = and x — id. In the second case a~5> //rrl 3 , 
r i>:>. \‘i 6 u. as .ire* c, ;i wit 1 lie found — 0 am »/ ~ 0. To the value of y 
add :>y tin % b i-. Wjccled frotti c y and this will 

correct value of y, for -------- = 5. Adding 13 to 0 which is the value of 

v, v.. snail have .t = and adding > to 5 which is the value of y, y ~ io, 


Ai 'tlici nu-rhod is to suppose c - 1 , and pr ■ ted r.s above directed. Multiply 
th. v.dn .soi r andy, which will be so found In c, rejecting/; from the vain- 
, . ad h from that of t, tlu remainder will be tlu numbers required. 

Eian jik. a ~ 32 b 1 ;>.7, c = 66 ; dividing dime numbers by 13, their 
common divisor \vt h:\vi = 17, • 1 >, t -• j. lor 5 write one, and 

", the. quotient.; a? above, airange. tin n v tb 1 and 0 Mow, then 

7 X 1 !• 0 7 

l X 7 4- 1 ' “ tt 

.Multiply and 7 by 5, tin*, produc"' an. 0 and S.i. , injecting J I' c frmii 10, 
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and 15 twice from 05, the remainders arc o' ami J ; whence x = j and = G. 
If c is.— subtract 7 from 15 and 8 from 17, H ami 9 remain. Multiple tin 
numbers by 5, the products are 40 and 45 ; 15 and 17 being twice /ejected 
* r — 10 and y ~ 11. By subtracting- 6 from 17, and 5 from 15. the same 
numbers will be found. 

“ Know that the operation of the multiplicand is of use in many 
h by the rule i shall have* 'nought it out and ;ra one destroy* t, 

“remains; by the operation of the multiplicand, 1 can determine the mum', m 
“ which have been destroyed from that which remains. 

“ In the operation of the multiplicand of a mixed nature, the multip.icaud is 
“ of another kind, and it is called the multiplicand of addition, and that rriaus 
“ to determining the value of an unknown number, which being multiplied b\ 
“ a known number, and the product divided by a known mimbci, if. . w 7 i 
“ main a known number: and again, if the same unknown number is mul'mlied 
“ by another number, and the product divided by the former divisor, mere- 
“ main ler after division will be am.titer number. Gill the munbers hy whic U the 
“unknown is multiplied the multiplicand, and that by which it is dividi a the 
“ divisor, and tint which is left after divisiun the icmaindcr. Here then are two 
“ multiplicands, one divisor and two remainders. Thu method of solu: m <> as 
“ follows: add the two multiplicands together and call the sum ti e dm \7 mi. 

\dd the two remainders ami call the sum the augment mg:u,.e, le-A-c iu 
“ divisor as it is; then proceed according to the wiles which have been given : 

“ hut the values of .*• and y must he subtracted from b and /»,'•<’ will bc Vouml 
t! right, and y wrong.” 


Example, a - 5, c = 7. a ~ 10, q ~ 14, b ~ cj, - y + ,■■. , u ; ‘!t - 
a + c 15, c -p a — £j, we have now a" -r 15, /• of. t — 


V ' 1 J ■ f"" Mr. Banov W, I „ . . b-mP. t»h it .. of.r..,-, v in ,1,, ,m !« ..... . . 

n, “ ’ ,1’ ’ '° "i ,n i'7 ' ’"* k - 17 d ihl " witw gn,, -m «„ ...» . , . .0 .. , 

Ij, - 8 . , Win- . 1* I,y pn^urtU,,,. Now i u -*,M S " All tl.i. w.:r- I,-it cm- pi.... Il |,r- 


• toictl by the nth- then givrs t.lui «*.(«* ,UK»n 


4u 


iw whivh x h fouml U u\\0 o - r , 


60 9 ! — i./ 

I«n iiuM» ^ y ** /, Mt»l M3 on till 1 Jr: u .« i> |*< -i. 
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—21, we find 0 and 4 


4 X 7 + 0 = C8 


!> -a, ‘lb — 21=7, 5 — 2 = 


0 X 23 + 7 — 7’ ' ” ~ ---—J/ 

■wrong; 21 — 7 ~ 1 }• = ,r right ; fur multiplying 14 by 5 the product is 70, 
wb'ch being divided by 63 loetts the remainder 7 ; and multiplying 14 by 10, 
and die ling the product by 65, the remainder 14 is obtained. 




CHAP. VI. 

“ On * the operation of multiplication of the square; and that relates to the 
" know iug of a square, such that when it is multiplied by a number, and to the 
“ product a number is added, the sum will Iv a square. 

“ lu this question then there are two squares, one less and the other greater, 
and a multiplicand and an augment, i-iom the multiplicand and augment 
known, the two unknown squares arc to he found. The method of solution 
<! i this . Assume a number and call it ihe less ro. t ; take its square and nud- 
“ tiply it by the multiplicand, and find a number which when added to it or 
“ subtracted from it will be a square; then take its root and call it the greater 
“ - r oov. Write or a horizontal lim these tiirce, the less and greater roots, and the 
" - • uhe- which was a.jumcd as the augment. And again write such another 
htnc under the iormcr so that every number may he written twice, once 
'-t and ! ’.low; tln.n wu’.i 1<u ,.u's l'\< two grcnti .oots hv Uic two 
“li's; tlicu take the sum of the two and call ic the less root; then take the 
“rectangle ot the two less roots and multiply it by the multiplicand, add the 


f\., , 

tioi) 


c •• f lil ‘ * . vt r 1 l,,c general sohili m of A* # 4-n:r- . • itv, as tht-y Man-! in the 

lolili )'\U [i ; mm! A/H0-; 1 , IuMf.y, 8, and *'nuy l>r any nunibeni wl, . i» will satisfy the ccjua- 

' ,jkr *' r * fe + f* * ,1<! t/ — *JJ v = m. T Ml aa'i + 0'=-/*; t*u<J miking * = x'g 4 >//; 

'■ A -/ + .v' n.| ,r or *"' ~ v / .uul *" u ~ , y/ t vtc We a* ' 2 + A*'— 

a' 

I 7 It < *.« 11 — ~ a, ami \{ fi ' n, fi />» = 11, but In the first chsc the value* of *”an<ty j iriust he. 


t iMuetl, tuiii tn' t . !•: mu'i pliedliy p. fu ihi* 

ti'jbit lutii .ii’o* hit: !<■ A." f Is./. u I.eu — 1 anil I? 
fit* r. j* 1 l in in' I'ljniPi b 1 W( lor fntliujt new 


dy, h\ 11 k ue.» « mi! * 11 Itt-uhon nf f i 1 «- iuniiht ,;., new 

=■ 11 lbo ' ’ - 1 ' H.Mne tit> Ft-rnini's .which 

• Aim 7 >1 x and y lrt :»c Mju.il mu ax 9 + b y*. (See 


ihe »ir t‘.lij£ult«i(t of tlik ' 1 * h ;t t hra.) 

"M t \,o .'nr in tuu only wlvn r. In tit. 

/juiit Bro\) acker*i *oloik"tiof tM jhkm, 


! • A » 1 -f i» ij *, ‘ '. • x r.*- 

- ‘UZ-J f--c 


• tj i 

r “hy ilunthkT; 

^ A ^ . 

. • t'K: tHinc M 
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“ product to the rectangle of the two greater roots, the result will be he g'-atcr 
“ loot, and the rectangle of the two augments will be tire augment. 

“ And to lind another square in tlie same condition write or. a horizontal line 
“ the less root and the greater root, and the augment, which have been, found, 
!t below the less and greater roo*s, and the agument which were assumed. 3 
11 form the same operations as before, and what was required will he obtained. . 

“ And another method in the operation is, after multiplying ■' ess ways to take 
“ the difference of the two greater roots, It will be the 'ess root. Ami ha\ing 
44 multiplied the rectangle of tlic two le:>s roots by the multiplicand, note the pro- 
*duet: then take the rectangle of the two greater roots, and the dderence of 
41 these two will he the greater root. 

Cl Anti know that this augment, that : . the augment of the operation, 0 it ^ 
t€ the i.ame as the original augment, is what was acquired. Otherwise, if it is 
“ greater, divide it by the square of an assumed number, that the magma! mig* 
u ment mav be obtained. If it is less multiply it. by the square ol an assumed 
f number, that the original augment may be obtained. And that ihej may cones- 
44 pond in the first case divide the gicater and less roots, by tluit assumed numb: y 
44 and in the second ease multiply them by the same number, 

44 And a third method is this: Assume a number and divide it< double by the 
44 difference of the multiplicand ami its square, the less root will he obtained. 
<f And if we multiply the square of it bv the multiplicand, and ad 1 , ugm -iic 

f ‘ to the result, the root of t he sum will be the greater root. 

Example \ 44 Wnrtt square is that which being multiplied by 8, and the p»v- 

44 duet increased by !, will be a square. Here then are two squares, one less and 
“ one greater, and 8 is the multiplicand and 1 the augment; Suppose J Hu* le-s 
44 root, its square whicli is 1 we multiply by 8 ; it is 8. \S • rind * wbuli added 
4 io 8 will he a square, that is q. Let its rout wI ; ch is ;> be l , go <i 
41 root. Write the:, three, that to say, the less and greater roots, a id rite 


* T* * \y*n Unit ax 4 + 1 y\ S%»ppo^*/*— i , lm | / • 4. # Q I »1 , i! U mi 8' ♦* /•’ ; 

3X14-3X ) = «•=.*. t x 1 A J 5 4 /,:is:, I x Itsl Uu* atttfmritt; I l>c*»iU’ the <>r»« • Iumo )* or* 

occasion t,. tarry the ..oiu, x 3<> -f srll 4 . x q- t >: ~ '»f... . 

1 X fl X S + 3 K IT =£ 1‘9 r=a y. I X 1 v-r l tit 8 X 33 * 4- i H\) \ sslM* In tn uv vuht* 

may oc /omul. ^ 

% 
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ait on a Ijonzbuta.l line; and write these number, below i„ the , 
“ manncr ; thin: 


tine 



CJ renter j 

• 

Augment 

1 j 

1 n 

0 

1 

Li 

3 

1 


‘ '•! uii !(■<!;• the ’WO greater roots crossways by the two less, it is the same as it 
“ ' VJS Mok ; aJ(J tb ; °> Jt is G : *"<l this is the less root. Take the rectangle of 
Mc l " ‘ ' :s> ,c ls *• A/ll,u P , . v * b .V 8 , it is the same 8 ; add it to the reet- 

anglc ot the two greater roots, that in Q; it is 17 , and tins is the gutter root. 

... gle of the two augrticutt , it is l. As it is according to the ori- 
“ ■ tlK.j . is no occasion to tt*irk I' w the original augment. The square re- 

• < ired a 96, which multiplied by 8 is <»8S; adding 1 it becomes 239, and tHis 

• is r square aim-: root is 17. Again, to find a number under the same coi- 
,Jl 10ns ; C,low lhu ,c>s and grealci i,c , and first augment, write the less and 
grcitci iouis and augment vhich have been obtained by the operation, thus: 


Lt A 

Greater 

Augment 

1 

3 

1 

6 

17 

—1 


V Cm,Bsv ^' s lh<J hv " greater and thu two less roots, that is 3 b\ o 

il 17 iiu 1 if 1 ^ < I .n' . '■ ) 


an»l 1 7 Ij'* l 9 it j■* thus : 


u- 


Ore 


Augment I 


1 / 























mtsrky 
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^ 0 *> * r > s 99* and this is the greater root. Take rhe wrangle of J two 
” augments; it is the original augmeiji ; Tor when the square of ;;,-y v .'.:ch is 1C Jo, 
is multi pi ietl by S, it w ih he £}^00 ; adding I it will he a squ re vi j)iol, the 
‘ c root-, of which is 90. In like iminfier if the two touts and the augment. . re 
“ written below the two roots and the other augment: i.he 6, ami 17 and 1 , and 
tiic 0 pt 1 . 1 timi is pei touned we shall mid what we require. and another n .: ;her 
“ will he obtained. 

Another Example. “ W hat square is that which being multiplied by II, Hud 
“ tlu ‘ I* ,otlucL increased hy I, will be .1 ,e ?. Suppose 1 the less rout, „ m i 
‘‘multiple ils square, which is 1 by 11: it is n. Find a* number which being 
*' subtracted Irom it, the remainder will lie a square: L t tlT ’.c uc. . ; ; ilu's 

“ lhcu ifi thc »^ive augment, ami 3 which is the root of<, is the gi. atcr’i ot. 
“ Write it thus: — 




* 1U* 4- trry». Siipp .sc / z-. t am! U/*_r<= Q. J r , a ■ ,, x , ... 

lx IX IX 4'j X .1 = so - r. ‘ — a x-ia+j. T - j tlic uiifliii.il 

Ihcr.'ire ',-a 0-* j — . — I 1 X ’-I* 1 sss 100 U)\ 

Anollicr W4}-. Snppow/aa I ami W /*+&— Q. Let a rsS. l x I as |.. 


* 1 t x I *■* '-lat 1 . 4 .. *. 0 X 1 4* 1 X Id *4:" . 
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" Multiply cross way's, end add the two greater, it is 6; and this is the less 
" root. Take the rectangle of the two less roots ; it is 1. Multiply by 11; it is 11. 
“ Add it to the rectangle of the two greater which is 9; it is 20, and this is the 
u greater root. 1 ake the rectangle of the augments, it is 4 affirmative. Now 
re have found a. number such that when we divide this number by the square 
of that, the quotient will be the original augment. We have found 2 and per¬ 
formed the operation ; 1 it obtained. And v j divide the greater root which 
• ' 20 by it, 10 is the greater root. And wc divide the less root, 3 is the less 
• root. 'or if the square of 3 which is 9 h multiplied by 11, it will be 99, and 
vhcn \\c add 1 it wiL be 100, and this is the square of 10 which was the 
“ greater root. 

--nothe method is, oppose 1 the less root, and multiply its square by 11, 
it i-. 1 I V. Cliud ,5 which being added to it will be a square, that is 16; its root 
f ' which i- l is the greater root, thus: 


I.Cifl G red tor 

Augment 

1 | 4 

5 

! | 4 

5 


' Ter multiplying crossways, add the two rectangles; it is 8, and this is the 
'* «*d the rectangle of the two less ; which is 1 wc multiply by i t, 

‘ ! , add i: to the rectangle of the two greater which is 16 ; it is 27, anti this is 

the greater root. An 1 tnmi the ectangh of flic augments, ‘Jo aug uent is 
'* obtained. ve lav found an assumed uumher j, stiVb that when the aug- 
m. nt is divided by its squne the quotient will he J. A d lor correspondence 
“ wc divide H by a fifths is the less root. And w’e divide «*, by ) ; 27 fifths 
I* obtained tor i ji gm lor. foi ..lltip'/ing the 'quart- of S-fif'Ui.. that is 

■‘(•i twenty b lilt parts by It, it n 701 twenty fifth pAls; add ] integer that is • 

' "* 1 ;s 729 of tin* diovemrutioiH<i deuou m.uion. And to find f ,t| cr 

numboi . urn r the same condition*, write the two room and the other augment 

1 1 ’' (>ne lvv ' 1 ' ots 1 augment, anti that is on the supposition of 3 and 10 

‘ and 1, which were obtained bcfoJe, thus- 
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Less 

Greater 

Augment 

8 

27 

I 

5 

5 

1 

3 

io 

l 


“After multiplying crossways, add the two rectangles, it is l 6 l-ii r ::is, and 
“ this is the less root. Multiply tireless rectangle, which is 24-fiftiis, In 11 , it is 
“ 264; add it to the rectangle of the two greater, which is 27< -fifths, it is AS4- 
“ fifths, and this is the greater root. Take the rectangle of the aug incurs, ir is l, 
“'I'he operation is finished, for multiplying the square of 1 (>T-fifths, . h'u! is 
“ 2 oi) 2 l twenty-fifth parts, by 11 , it is 285131 twenty-fifth parts; add j_5 that 

“ is l integer, it is 285156, . ud this is the square of 534-lifths. 

“ And by the second method After multiplying crossways ! is 81 -fifths and 
“ 80-iitths; the difference is l-lifth, and tnis l-tiftlt i. the less root. Mu'- , I; the 
“ lcetaugle. of tiic two less, which is fi 4 *fiftbs,b} tl, h is 204 -filths; and the rf-ct- 
« aUL .[ c 0 f the two greao-r is 27 <>-fifths, 'l ake the diil'eivm c , h is 6 -fifths ; and 
“ this is the greater root; and 1 integer is the augment. The square of l-fifth, 
“ which is 1 twenty*fifth part, multiplied by 11, is ll twenty-fifth - ns; .V. .. . 
'Mt is 3 d twenty-fit'h parts, the root of which is (7-fifths; and in like ma 
“ any number which ia wanted may he obtained. 

Kicmrlc. " Let. the first question he solved by tue third nietlm.-l ' . Supp e 
<« 3 the less root, and take the didVrcme of Us square a ml the multiple ad > hi, h 
« i s s ; t is l. Divide twice 8 by 1 ; it u o'; ami this is the les- t >ot. ' or u u'- 

" tiplving the square of this, which i by 3 , it is OSS ; add i it i'- . and 

" ibis is a square, the root ot which is 1 r* ami this is the greater root. 

‘‘ Amu in. r incihud is uh.it is calletl the operation "l en dilation I mg 


] o tl■t m w the thml nvOiod* d rn .1, N ■, a •' i v» 

il‘. n ~ v* -• 

f . jJ If- tn,i t- •-.» i• :■* 1, i on } to K o t m I ni’ tuic o. ' "['|KMinf. \X 

being given l x 'dod l*y the i j.drdt ya *. • i .ifvjlnttoii* FitKi /. ^ nnd 4 

F 


thu 
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“ <, u 'hat which is required by ilie rule of the multiplicand. It is thus : After 
*• supposing the less and greater roots and the augment, suppose the less root the 
1 ci\idend, and the augment the divisor, and the greater root the augment. 
“Then by the r til • of the mud iplicaml which is passed, bring out the nuiltipU- 
“ cmd and the quotient. If that number by which the questioner multiplied the 
■ sq iarc < an be subtracted from tbe square of this multiplicand, let it be done; 

others/: ■<: aubti c the square of this multiplicand from that number of the r.mi- 
“tlplieand. If a small number remains, well; if not increase the nnritipli- 
“ cand tic..,. add the divisor again am! again to the multiplicand as before 
“explained, uii it is so that you can subtract the number of the multipli- 
“ cand In : the square of it, or the square of it from the number of the nnd- 
t'plit.md. "Whatever remains we divide b the augment of the opeiation of 
“ mu!u.p ication of the square, and take the quotient which will be the augment 
“ cf he o^.aation of multiplication of the square. If then we shall have slib- 
“ ■ ■» o ■ !.■ > ■■ nfipheand from ho sqiu '.e, let 'he quotient remain as it. is: and 

“ if vc shah have subtracted the square from the multiplicand it will be contrary, 

• that i'. if nega, w it wdl Ijtmmc aliinmiti\e, ami if atlirmativc negative ; and 
“ ’.hat quotient v fall \va obtained oy adding the (Ii/blend to tin quotient, as 
i :..u y lmi<..% a, T divi a • • added to the multiplicand, will be the lt"'< root ; 


fx 4- j r 

- - rr , - ■ 'in v and bom C c knov.il number. /, g, find x and v by ilit: rule* which ii.iv** keen givm. Ff 

le . i i*s x--—.. or if not take! a -x 2 . 1 1 a immjt number remain j it i well, otherwise take cmittipl*» 

u 1 .> i .i,, value x :*r> r a new value, nli’-cl r \ x)‘ —A, or A—(r /.0 + ; 

£• • ‘u 'm -v u.n i< the () idiv. hi been ' ubtrx.t *d change the -i^u of the ipioiienl. It instead of x t,,e 

'• U. • 4- ; »>,• 1 . . m>■, »iuc oi v, ;>;/4 Y »*i i he uker,: by sub,Haling these valuer as 

• v. nr/ Y =: y, iti.o ^ n >- --3 »■ v ljj\e i o nub.itlOU of Uu» equation 

At -4- ft vV '* ti . *<: i««. nci t nnr r» uf>‘ imr to j- inou t f’ as before. Let a/' 1 4 . jpt bo o. dilution 


1 A V 8 f # =r y 4 V-’ r / . VI g' . II! known. Supp'Yxr - 


r x' 4 




r= proceed a* before vmI >«#fuL uiu 


• b . l id . a\ ‘ 4 . TTT.y \ .4 in like manner ft»i a** + ft — y % ‘1 n ' • <.»:,J n or b/; 1 , r — 

P* 

r ■ ,Mf " * 1 * • 11 • > f' r ^ - •- 1 '»»u d' .ti w* hu v m A.t T » ,• -• A j x . j,; 

m h a j T 3 

(A/' 4 '/\ v - b A W—fi, 

^ “ “ .. - — 1 hut //® + #g f » oud f t ~ 0 ' \t t i and (berrfore . 4 iT 

f J f Jt { ' . ; • + k j ' 

* Vln*. t. 'x I ^ l ) ■— id* I hi mi|i thotvf nnn aspect i hpc c ri J is |u 

ptln»*tpl' (he f.uino ** that i»n , • Me t li4 probfs.u iu bitrjii.i , by the applic.db ) of continued fau a ti> wldcb 
X. . lintt «ivui ill L 0 A .by L>e Jba (Jrangt. 
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£! and from tlie less root and die augment bring out tlae greater rout. lr men t. 

“ augment shall have been found a square *, the operation is unisbed ; for find 
“ a number by the square of which, if we divide this augment, the result wilt be 
<c the original augment., when this augment is greater than the oiigmal aug 1 cut 
<c or otherwise, if we "multiply by it, the result will be the original a: . rent, in 
“ the same manner us before. Anti if it is not a scjnarc pci form tne opuaiion 
“ again in the same manner ; that is, supposing the less root rhe <’ 1 end, a 1 
«' Uv augment the divisor and the greater root the augment . and m as be- 
“ fore till the original augment or the augment of tlie square is found. 

Ki -timpk. i‘What square islhat which being multiplied by f»7» »iid Hu pre- 
“ dm: . icrcased by 1, will be a square f. Let us suppose 1 the less re, r, mul- 


* I suppose it -lioulil 1>C Dp* or—, . I tlnuk it likely that this does not form a pa-1 of the ori i.*l iuIc whirl, 
tin. to lo value* only. 

; CTVM-I = ,*. Suppose f =t 1 .tmlftra-a.U.en (IT x l*- 0 = □= a = hr.-e u..-, \J 

vi,«e/= l awl ess — r., and g = s. Snppo,,-^' ±4 = v; that i» to t y, -- ±_ s -^r. n*xt twuv : v.., 

„ x *7 — b* mid work for x : nd Y in •— ~ - rzz y Divide J bv ascliit.'t • ' • <i 'tic i i t h /'m. 

i , . q tl t nt . , i u : 0, WK : 

W .t the vaUii* of x lioiutf aud flr 4 t ol> flow/. n - * = I - *, 1 -; ) si 1 ~v. A * v rci-i-tl imi.v i, „ 

^ atliiClollH vtilne It Y- n~4 =r=:)=3 Y wclniv nov X = » anti Y --3, As Wt* i atm -t ' u , r , * * ‘* 

an ,1 a < . evt‘ i(< r nun^nw will rem tin if w»* Mihlrdct I fn.in d7, dd Uiro fl tfi * h'r •* newialuc i x, 7 X :) + 

I .. - — y f dll tl |or l4 . orri ^ponding valiio of Y <ld l wicn ' tn n . : 1 -f- ■ — • - ~ x ‘ > — ‘ *• 

. .. 

— .1 

J,.,ve nmv \ .K'+0zr: wl.t’ir \ . rr nd I _ S, wl - 1 * 0 . - . S lid - • , 'O' 

r 'y J| I I 

reed to find n ~ »• li t y * H & wli«*rr ; “i j, s: *>. ' 1 cx. U- M. ‘ - -- • '*•’ d,n!l 

fi'ui i'zs l [ »iml \ 's=-l!. SillilTJict /'»» l»»iiv'« * i <l" -id* "X .Ssff ! ’ rr. \\ u . m i» . 

«aim n .,r,l « r <»l !• ms !'*>..» f! « . du» ot x . 11 — >• rr *» . A - s ' ' * • «« i ^ '* • ^ s 

••» n..vi* I: \.*t» , r i'. of t. iet i t mm <1. :n»d — 7 „_ • , n I ' • 4- 

.* : v"^.: jO, f not .n;ii g -jz r. ,\r mn.; jnv •. ».i ss l.vt * 1 4* »• ~ VV - M '’ • 

»ild £ zs ' 1 M.d ,» ! ~f ^ t-.rr Y , i• * < l. 7 twelve iillir J-U HO - - : l - — \ '* t drill i.l \ ! 

y c.. l • Suijti jH / ro».* tl**- \ i<- .d v up £ lr«»m ' '• «. »>•' . ' ' - - 1 T v -• '• * 

The nf qumieiiU in Hi** divMto.t «»t r i I liv T bi^iii * oild mild* ;« * r of v - fitom *' wid Uiut *. ' 

from , M “•* 7 a: t **-' x ,7 — .* v \\r . .in i < »ki- n: ... • . .p u K ’• * r r “' 11 ’ 'I fcn».. 

if wu ui'lrir 1 --!rdm ^7 , jn J If* Vims* »u t .i i v \ 4 u»* **f n", 7 -l* . '■' \ ' v “• ’* - - “ • ♦* 

il- ~— is &' & Nvari r^jet [% .1 I J iiimn lr«*m , 1 1 ' muift bij In Ihc Vir... \d V, 4 1.’’(* r . 

v '2 
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“ tiply it by r >7 : it h <77. Find 3 the number of the augimnt, .vhich sub- 
trusted from 77 \vV:1 leave a square, that is di-, the root, of which is 8, and this 
“ 1-. 'he greater root. 1 then is the less root, and 8 the ;creator loot, ami 3 the 
’• a i!;; i><; it negatitc. If we wish to bring* it out by th operation of circulation, let 
i s suppo*< 1 the dividend, and 8 the. augment, and .: the divisor As rejection 
“ of ilie divisor from the augment is possible, reject it twice, 2 remains, Si.p* 
“ p ,e this the augment, take the numhevs of the line, cipher is obtained, V.’vite 
“ under it 7 theaug nent and cipher. Perform tlu* operation, the multiplicand is 

tient cipher. The number of the line being odd, subtract 
tne muUinli'-and-and the quotient froni the divisor ami the dividend, 1 and 1 
“ are oota ned. A> eve rejected the divisor which is 3 from the augment which is 
“8, add S to the quotient, the quOt 3 and the multiplicand 1. As \vc 

caimot subtract, 07 which is the niultiplieand of the operation of multiplication 
“of tie- square, from the square of this multiplicand, and if we subtract the 
o i. • ot ihU from (<7 a greutc number remains ; from necessity we add the 
“ divisor, which is 3, twice to the multiplicand 1, it is 7 ; add the dividend to 
“'the quotient it is 5. Subtract the square of 7> which is 4.0, from 67, IS re- 
“ o aius. Divide by the augment of the operation of multiplication of the 
“square, which is 3 negative, C negative is the quotient. As the square has 
ren subtracted from the multiplicand the negative becomes emitiary; it is 
“ 7 1 ini\- • and this is the augment: and >, vhbh vie, the number of 

“ 1 be cjiiu icat is the less mot. Then bring out the greater root, from the less 
“ moi and '.In- augment, ami the multiplicand 67 it. is 41. Write them in order. 

As 6 is the ,i> gment of the operation and 1 is the original ..ugmeut, perform ttie 
“ oyarion ag in io fnd the original augment: tii.rt is to say, suppose 5 the 
“ dividend, and 6 the divisor, anti 41 the augment) ami perform the o of 

“ tin: mltip'ican:!, the multiplicand is found 41 and tin quotient also H. Sub- 
ti-’et .5, the dividend, '' timri from 41, the quotient, *1 remains; and sublnct 
••o,!,,- • ime • umber ot tinvs from 41, the multiplicand, > remains ; take ts 


* A •‘-••8 Ot!<|t i one •• • . (lu .dilue •' :wH/ bo »ImI of v 1^ 4 - 16 rs 27 acs v" -zs x*. Now a/- « f jj'c 
, - lv ,mf - , uncJ zz - 2, UiOiTorf y sz v, 21, (.it A/ - * 1 -f 0* " here /* ab 71, 

*•"!. J*aMt»p n< ft \ vvImcH, nmllipli <1 by ib*lf wilt ,c tho *Ugtncnf 'if lhtitiu.irr, 

, *Pl>‘ =• */\ ‘*P! ’*V iHc filV. rnlcof lbi« cli.«p*-i .«• ..j '2/ Y' :a i y ^g 7 * -fr- ft * ~ i y 

wr ft nil p *11 li ilw v rrr u 1 . Dividing \/** ft ‘ sr: i/ 4 by p* '» %v ' hfc'C (* ^ ^ ~ } , 

! (Tf / 7 s + 1 
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“ square, it is Go ; subtract it from 07 . 42 remains. Divide it by 6, the mtg .• . - 

“ 7 is tire quotient, ami this is the augment. As we suh'ra-.Hcd the square < f the 
“ multiplicand from 67, it is contrary ; 7 then is the augment negative; and II 
il which is the quotient, the less root ; bringing out the greater root. .1 i 90. 
“ In . his case too the original augment is not obtained. Again, pei form the oper¬ 
ation of the multiplicand; II is $he dividend, 90 the augment, and 7 thedi- 
**• v....>r. The divisor caa be rejected 12 times from the augmem • v. ' f. it : 

M remains. Take the line, and perform the rc.vt of the operation; Ir ;> the 
“ quotient and 12 the multiplieaiul, tints: 


1 

18 

1 

12 

1 

6 

6 , 



“Subtract 11, the diud-nd, from 18 , and 7 , the divisor, from 1 C: 7 and j 
“ arc obtained, the quotient and the multiplicand. As the numhe ol the li e 
“ was odd subtract. 7 from 11 and 5 from 7 : 4 is the quotient and 2 the mu ij- 
“ plicand. As we e.unu?t subtract 0 from tlie square of 2 ; onl after -suIhuci- 
«* ing the square of 2 from 07 a greater numbci remains, add once the divisor 
“ which is 7 to the dividend . it Sol.irmi o', from is square which is 81 : 

“ 14 remains. Divide by 7 tlm augment negative, C negative is the quotum , 
“and this is the augment. Again, as we rejected 7 twelve times m. the 
•« augment, add 12 to the qbotie.it which \s 1 , if b \6 And i*we gd led , to 
“ 2 the multiplicand. add ] I to 1 6 the quotient; l is 27, and this is the !e- root. 
“ 1 uh! the *rc:itci root. : r i» 2.21 As an a iginrii is obtaiimd Inch, af er he. c 
“multiplied into itself, will be the augment of ti c • ;uno, Vi vtm<: dns him 

“ below that, and multiply crossways in hotli plan s From’ one etmo nuilti’le i 

■ 

41 greater toot is find ilie auirnu 1 is I uitii unit i cc 1 avc .hi a' 7 air 

“assumed fliifnoer, »\ th 1 , pi. - >,f wluv.lt, h we «1 1 s i ■'. t "• augment ol 1 !u 
“operation, the quotient will he 1, which :s the o iginm augunr... in bke 
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“ maimer we divide 1 !<J34 by 2, 5967 is the leas root, aud 48842 is the greater 
“ root. 


Am, her Ei ’■■ pic. * f TVhat squa'fe is that which being multiplied by 61, and 
“ ' 1C product increased by 1, will be a ‘'mare . Let 1 be the less root; 8 is the 
"greater; and J the augment affirmative. Applying the operation of the multi- 
“ plieand, it is thus: _ 


Dividend. 

Dn i-or. 

Augment 

1 

3 

8 


“ Reject the divisor twice from the augment, 2 remains; and after the operation 
“ - ,1 ' " multiplicand, and cipher the quotient, are obtained. As the line is odd 
“ wc mb tract cipher from the dividend and 2 from the divisor. It is l and 1. 
“ As wc rejected the diviso >m tile augment, wo arid <2 to the quotient. 

"The quet vnt; ,s 3 ami the muhiplicaml I. If Mt subtract the square of' the 
“ mulhpli.: md which is 1 from 61, a greater number remains. We therefore add 
<f twice the dividend and the divisor to the quotient and the multiplicand. The 


v ti'it i - — as v, rcjcit 2 


•■OI.V + '■*/. Lei V he f-~'. P-=3,#=8. Mute —^ 

f«ire li'i.ii »-3X^.3 (■’ a *=.• ai.it Vi- . Tl.v nmnltrr of tin: division of tin 3 

.■ ., c - i Mil.ii J-t tt.e value of v from/, and th.it O' x I in 2, I—0 = Isav, s>-..| rffeoc. A, (1 wn-. rejected 
■ vane .f v, l + 2=v. If weUju. A — x*a pr-.a.-r mnnlx-r ri mains; mid Uvi.v / 
i" 3 Im tlmt hi *. 3 f|,X| = :• ss v. I+JKJal*,. Take a — *», til — 
19 * 

*i '' 3, —j rv 4 na> • ii becomt a - 4 , . f t• l - t - trr r 

Lit + & ca f* w!k« c/'sr. 


pilc * m.. > r add J 1 
to H . vkI ic y, ai 


ft 


Yk41 */ 


ax J -j- d y-, whence 
^' ~~ ii not =2i i f NVi find ,i numbei /a b»ic!» 

d ive j | P 3«) „ n { iV 


the f r 


eo, iiiu « r, 

( . )*+«i x ( y) ~ 
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“quotient is and the multiplicand 7. Subtract the square of 7 r'-um «' : 1 . 1C 
“remains. Divide by the augment of the operation of rnultiplicntku of the 
“ square which is 0 affirmative ; ■! affirmative is the quotient; and after reversion 
“ it is 4 negative; and tin is the augment; and the quotient which was 5 is the 
“ less root; 39 then will be the greater root. As 4 is net trw original augin nl. 
“ wc have found 2 an assumed number; and by its squaie we divide this augmei l. 
“ 1 ‘the augment negative is the quotient We also divide 5 and C9 bv C. : . 

“ same two numbers, with the denominator C, are the quote i ;-. As out 
“ question is of the augment affirmative perform the operation of ores: multipli- 
“ cation. When we multiply the augment negative by itself it will be affirma¬ 
tive. The less root will be: 3.00 (fourth parts; the greater root 304f» fourth 
“ parts; and the augment 1 affirmative. Reduce the less and greater roo's to 
“ the denom)»•.''tor 2. The less root is' 105 second parts; the greater ro >t. jC •;» 
“ second puts; and the augment 1 affirmali'-e. And if, for example, the question 
“ was of the subtraction of th.e augment, the answer would be as above ; a 
“ second parts being the less root, and Sy second parts the greater root, and l ilic 
“augment negative. And besides this, if we would obtain another case, let this 
“ He multiplied crossways with that in which lyd second parts i the It. vs re* u 
* for multiplying affirmative by negative, negative is obtumed. \ne.> . loot 
“ then is jSO', ami the greater 2y’IS, and the augment l mg.n' •'•mi r, 
“ the an.sv.ei to the question. 

“ To find another ease with the augment affirmative write this be'on it m. 
“multiply cross\\M>co;;i : ;.: -o the less root, and 1'.:e. giea 
“root, and 1 the augment affirmative. And in like manner • . bceter th- aim 
“ ment is required negative, we must multiply crossv.!\s two augments ot <lif- 
“ ferent sorts ; ami if afthmntivv two ol the same so.t. 

R)ile. “ the multiplicand of the question is the sum of two sqmues, and 
“the augment 1 negative; it may be '.lived by the i o.oiug id >*, n-l it' 
lb ', it may be dor. : in , n ith r way, t*< U»e rout of those two 
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“ squares, and divide tlio augment by each, the two numbers which are found 
“ will both he the less root; what was required may be obtained from each. 

Erample. “ V/hat square is that which being multiplied by 13 J y.heu l is s.ub- 
" traded from the product, a square will remain*. jy then is the sum of I and 
“ 9, and 1 the augment negative. Take the roots of 4 and 9, they arc <2 and a. 

“ divide the augment by these two, the quotients are g and l, both these are 

* —■ v> 

“ the less roots. What is required may be had from either. For multiplying 
“ thesquaic of •; which is i by 13 , it is 13-fourths; and subtracting from il ], 


" which is 4, 9-fourths will remain ; and this is the square of iMultiplying 

‘ the s.pi-ve ofwhich is ~ by 13, it is 13-ninths; and subtracting 1 integer 
4 

V’ uc'i 9, - remains; ,in<\ this is ;» 

t/ 

id >e fed'l l solution' of the same question, by the former methods: I omit 
1 1 * r i becau'C they contain nodiing new, and are full of errors in the calculation. 

JnoUu-t Ei>ituple. Where &r* — 1 is solved by the last rule, is omitted 
because it. is immaterial. 


A<v htr f-'.j (unph' “ What, square is that which being multiplied by .>, and 

• led to the product, will b a sqwnfe, And what number is that which 
bong u-..ilupii- Ik '• and 1:: added to the product will be a square f. 'i lie 
tpn-r.iiop in ’be lu.it u •• is tin. :, Suppose 1 :!u hv;i rout, and multiply by (>, 
l! ls *’ • iU M o 11 b .' 1 ; anil tl;L is a square. And for the second ease thus: 

" Mul qdy 1 by G, it -s .uul find a number which added to it will lie a Square; 


* t:; t«— i <es i, c „ 

t (Hi* 1 *nr| Vi 

.V tm Vox I =* 'u Ini'! 
Om»i ft ffixi ft -utK Umf 

1« 0 .J i/‘ l»V f,\ wf 1, 

’» < (111 h iT IV. r X 4 


■ 11 • . -l p< + ; ~ i 1 ; {.t |:t x (i y 


‘ 4 * ’ y 1 * I ll'll r s- I nil n zz ll*i ■ X I «+- .‘1 cr. 0 ^ ^ y .... 3 

• - l» Uttft < 4 r fl. ' J't h 3 . .1 4 > :— rrr J bun;- n<n an: h, \}ut It 

E -**• A • ■ 1 *■* - l'i •: »•, NV 11 / *= J, -••• 1. ;t.« . imtltiji!* iitg 

A * V + »V - v'V‘ -• nr. ip, - y fit i.,d If <y t Wk i, h ,.. , v L ,, 
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€f wfe find 3. As this is not the original augment, but is less, find by the rule 
which was given above, a numbci by the square of which when we multiply 
u this augment the original augment will be obtained. We have found 2. Mud 
“ liplv 3 by its square which is 4, it i 12; and this is the origin u augment. 
tf; Then that they may correspond; multiply the less and greater roots tog ' r; 
cc also by that number, which is 2. The less root is 2, and the greater o, •! 
“ the augment 12. Multiply the square of 2 by d, it is 24 : add 12, it i*» . o ; 
t: and this is a square the root of which is 67’ 

Here follows another example where, in ax* + b zr 75, and \ ra >. 

The solution of this question is like that of the first part of the prm oling: 
j (in Ap + 3 ~ p/ is assumed zz 5 and 3 dz 73. 

Another Example . * “ 300 being the augment th : less root is 10; its square 

“ which is 100, we multiply by 6, it is bOO. Add 300, it is POO; and thi> i - a 
“ square, the root of which is 30. And know that when the augment is g v .r, v 
“ you must bring out what you require by the operation €if cb\ vim ion , lb , 
“ the an nicnt nv.y be less. And if you wish to obi iml i . without Hr opc.atu ' 
u of circulation call to your aid acuteness md sagacity. And w-en you lime 
“ found one case, and theming-nent is ], you may find others wfhou; i id, by 
<( cross multiplicatim,. Fur lii \u\vi often von multiply I by it'seif, f wfi 
“ be one ; and the less root and the greater will come out different. 

Buie j:. “ II the multiplicand is such that you can divide it by a stjea e v jib- 

“ out a remainder, daidrit; and divide the ami gicatcr root* by the iv-r of 
*" that square, another numbci will he found. And if you multiply it- ’■■••a 
“ and multi ly die loss am! gre ’ r oy its root, the numbers required v li d o *o 
u found. 

Example. W h it '•qua re is tbur which being multiplied l>y 32, and 1 adiai to 


* 1 t.(»t \ ss 10, til mi >, x -C >0u rz J.*’ 

t A'l I- •' at»M uum r liu-i 1 »/', Vc. Ii -ilit t rrulc* frin illation Solution* it thi proble m nil unit 
mIc vf .eircu’ oi'Mi, i* i*» tu* bad /„dy b) trim i*ty midi*. 

Win K oru: cub*: m AJ 4* 1 ^ 7 known miy nuitio r oi .■*<', in y be l< jn ’ I y ciV.j mubipHcA4i.cn <r 
IX • ^ l« cilffbrent taluci <»t it aucly will b«: luun l it c?v, iy n»:\v stop. 
t 1 wupccl t.m this i*> ‘••con*Ml) 1 i,. r I; »' ■* c\-onpit 1 ■. n >i lu u " Jit uilc. P« > »'• n ,d oui , :>y 

ic iu A AC** + B =/, A = sy, 


then Xx* V ~ If 


A 

? 


ibfh a'a* -j- o y wi {yp)*. 
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■ lie product, will be a square*. 


The less root then is 


1 

Z\ 


the square of which 


1 

4 


in'll* p'.ied by, 3*1 will be 3 : add 1, it is 9 ; and this is a square. It we suppose 
" 2 tl c less root and divide 3*! the multiplicand by 4, 8 will be the multiplicand ; 
“ ami dividing the less root by the roo of •! which is 2, 1 is the less root. For 
' multiplying by 8 and adding 1, it is which is a square, the root of which 
“is 3. 


Rule. “ I’’' lie multiplicand is a squ.ne t, divide the augment by an assumed 
,r number, and write the quotient in two places ; and in one place add to it, and 
“ in the oilier subtract from it the a aimed number, and halve them bo*h; the 
git a tor number will be the greater root. Divide the less by the root of the 
“ mu'tipl.caad, the quotient will be tiie less root. 

ExevnpU. “ Wlvat square is that which when multiplied by 9, and 32 added 
u to the product, is aitfuare^. What other square' is that which when multiplied 
by 4, ai d 3J added to the product, is a square. In the first case divide 52 bv 2, 

; eo i he quo tie ut; write it in two places and add and subtract 2, it is 28 and 
‘ e 4 : ihc halves are* I i and l'j ; 14 then is the grv !cr roue. And divide the less 
“ number which is 12 by the* root of rhe multiplicand which is 3, 4 is the quo- 
is the less root: for whfen the square of 4> which is I6‘ is multiplied 
‘ l>v >*, it is ; i4 add 52, it is lylG, which is 1 lie square of M : and in the 


• X «•- 1 - C Lei * i . J3 ;< (4 )* + I - J = 3*. 10 = 2. i A’, ij = 8, f -». 


or H x 1 -f- 1 ~3 f . 

4 U a* *V* ) * an»l as/i‘. lake m any number i nn*l wc have —ssy; aiui — — — *; for ~ - 

- * 


n 


8 

— — n 


ft 

- n 


a — n* 


n 

n~ aml — 3— - x (!^ ( ~)’+ B =a v.htnec ,1,0 rule. 




’2'ij, 


t D.\ : !- v* »wl 4**' ;:j F«rvt zz . w ^ a : ~ 26 , 26 — 2 U* - S=r it ; — j* y. s 

+ U 3 

D, as i as ... V / V + !.?. -= l*»fias 14*. ftnoixl, g v. tl, II 4 . jss II. II - 3 =s fi, ~ ~ 7 — y> 

ft \ 

r; * •' - .*■> / f 4 * 40;-7*. Yahiu of .•* aurlj/mifc'hi mciv *>..<.* ft-uu*;! by taking n ss *1 in rhe 

tfrsl cAtir, and ; ss \ v« the s mid. 
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stcoiui ease divide 33 by 3, 11 is the quotient: after adding aud subtracting 5 it 
' s ' i aiH! 3: after halving, the greater root is ?. Divide 4 by 2- 2 is ti.c quo- 
ti(‘nt; and this is the less r->ot: for multiplying , by 4 and adding 33 to ibe 
‘ product, it is 4.9; and this is the square of 7. And if at first we divh.eo-' by ;, 
“ and 33 by 1, what is required will be obtained 

“ Amihtr Evample, when the multiplicand is equal to the, augment. \\ hat 
“ square is that which being multiplied by 13 and 13 subtractsd fmm the product, 
“ and in another case added to if, will, be a square *. In the first cases . . 
“ 1 the less root, its square which is also 1, wc multiply by 13, it is 13: subtract 
13, their lem.uns cipher, the loot ol v> ficli is cipher. Aiul in tin second ...sc 
“ suppose 3 tlu less root, take its square, it is 0; take the difference la u ecu it 
“ and the augment, 4 is the augment Divide by it the assumed root winch is 

“O', it is 6-fourths, that is i^, and this is the less root. The square of tins 

“which is 9-fourths we nmltipb, by 13; it is 117-fourths. We see that ad, mg 
“ 1 integer, that is 4-fourths to this, it is ]<ji-fourths „ and this is a ,u.nc, the 
root, oi which - 11-second parts: the less root then is 3-second parts, and the 
“greater root is 11-second parts; and the augment is 1 affirmative. A- ihe 
“ original augment is 13 ailirmaftve, pci form the operation ol .to;- m .pj. 
“ plication with the former which was 13 negative, thus : First rm.ltipl- 3-second 
“parts by cipher, it is cipher; and 11-second parts by I, it is Utc same. 


* r. 1 — lU — y\ and I3*» + tUt*rs 13 X I—l' a ■, l-oi i,;r-+U=g ■. . a 3 J 

(Ilcrt are two or three errort in the 1'' .inti \ case Ol Ak’ 1 “t- l — p* i hun.i 1> y i li c ■ ulc . »). 
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' mil iliowi together, it is 11-second parts; and this is the less root. Multiply 
“ i-'T'ts h y h ’t is the same: multiply it by 13, the multiplicand, it is 

“ ' :i " putts: add *a to the rectangle of .he tv > greater roots which is cipher, 

• : • the same; and thir is the greater root; and 13 is the augment negative; 

- as it is not the original augment, lor IS affirmative is required ; again, suppose 

" 1,10 lcss root 7, fm<1 th augment 1 negative ; and multiply 1 which is the sq 
\)y 1^, it is lo-fomths. Subtract 1, tliat is v-tomt.hs, the augment negative, there 
“ remains 9-fonrths, the root of wlitbh is li. By this we multiply crossways, 
“ thus: 
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l< tuc lefts tool is 72-fourths, which is 18 integers, and the greater root is oft). 
t<,ui tl,s > vhirb is 63 integers, and the augment is 13 affirmative. 

d vs e would perform ihe operation of cross multiplication take the dif- 
u tercncc e: vIjl two, which are 3<M'ouiths, and UJ lbiu dis, that is G< four tbs * 

1 -m the less root; take the difference of tlu two less, after multiplying by 

■ tlu- m •Itijiltcvnd. and d •• m tangle of tlr two greater, it is 26 -fourths, that 

•' ' ‘ '•'* ^ 1,s ** l * ie glutei root and 13 is the augment affirmative. 

A>r,thtr Example. " What square is that which being multiplied by 5 nc-a- 
“ l,v '' 8,,< ' lliC K'-duct increased by 21 will be a square*. Suppose 1 the less 
r m, and multiply its square by 6 negative, it is 5 negative : add 81 affifma- 
•’ live, ]t. is It, ; 4 then will be the greater root. |u another way. Suppose 2 the 



" ** i Mse./. S,I|,|' 1 ; —5 x I + at as 1(J; y — 4 . Or, 

!■ S'- >\y .l.uilifl. ay crw.tw.i), when » cx j, new values m»y I«. f uU r.d. 
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“ ' c ~ s 10arUi multiply its square by 5 negative, it is 20 negaive; a:. I 
U a ffiimative, 1 affirmative is obtained, the root of which is 1 ; the less root then 
is 2, and the greater l, and tlic augment 21. And if in the place of the mid - i- 
phtand there is 5, aud the augment is l affirmative, multiply crossways and 
’ £ numbers without end will be obtained. 

“ And this which has been written is the introduction to the Iudian Algebra. 
Ci Now by the help and favour of God we will begin our object.” 




END OF THE INTRODUCTION. 
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CS Tl'E EQUALITY 01' U NOOWN WITH NUMBER. 




f< -jr 

<( . IV * r0 ' V tbat u ' ],atevn ' is not knoH U iu the question, and it is required to brin- 
l Jt out U> ' oitibod of calculation, suppose the required number to be one 
-'O! - , , unknown, and with it. s ha-ewer the conditions of the question in- 
vol\ Vj ; t „d proceed by multiplication and division, and four proportionals and 
„ f !\ c P rf ’l'°riionals, and tin .senes of natural numbers, and the knowledge of the 
K lhr <V mtftCr > il,ul tlu diameter from the side, tint is the %qro of the 

1K ; C ‘ ‘" Ki ' ]v ' knowledge of the perpendicular fror tin .side of the triangle 
a, conversely, and the like, so that at last the two may he brought to cqua- 
“ h ;~‘ lf ;' Uer d,c °) ,erat i°n they are not equal, the question noi^n., about 
, tie . Cq "' lt > T of tllc tw6 ® Ulea - n ‘ ake them' equal by rejection and perfection, and 
( , ;t 1 lcni ^l ual ‘. And llla t is so, that the unknown, ami the square of the 

‘ unknown of one Side is to be aubtri ctcd fi orn the other side, if tit >re is an m 
•' 1 ■ •* jt; ' not Mibtrnct it Iron, ciplic, . ami subtract the numbers and 

smdsol the other side from the first side, so that the unknown may remain 

o';; 1 ‘7 "/ r 1 r U -H , u 0n f le "!**'' *•»«“'***«. and whatever else i, 
<UW l ’" . . ..‘l U0Un 'i '"'ill he the quantify of 

„ * the question involves more unknown quantities than one, call the f, r »t 

" " ' ,h ‘ ti.e - com! i wo unknown, the third three unknown, and so or 

“ l “" ' 1 4IC,,U “ 1 ,s lhi8 - the quantity of the lower species less than 

J f the unknou u 
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4i and the like : and sometimes suppose the unknown to he a certain number, and 
“ sometimes suppose ] unknown and the rest certain numbers. ' Tlie s in/tcst 
method of solving the question is directed to be observed, and the m hole at¬ 
tention to be g'ven to what is required. 

The first example is, C( A person has 300 rupees and (i horses; and another 
c< person has 10 horses and 100 rupees debt; and the piopcrry oi the two is 

“ equal; and the price of the horses h t he same; what then < the vain ot each i 

Or, die first person has two rupees more than the prop Tty of ’ > v p^eon 
“ in the first question, that is 3 horses and 13<J rupees; ; nd the roiu: h;e the 

ic same as he had before, and ihe property of both is equal; what then ;s the 

price of one of the hoists? Or, in the first questio a the property of the first 
<l person is three times the value of that of the second, what then is tbe vnluo of one 
c " horse? The operation in the firs; question is thb : 1 suppose the ; av of a ' or- • 
“ to be the unknown : (> hones are six unknown. The lii>L peix m s ruopewv thru 
“ is 300 rupees atfii illative and 6 unkuown: and the property of the second is 
<c unknown and 100 rupees negative. As by the question both tTw sides me 
“equal there i- no occasion for. the operation of rejection and pertectfm I 
“ make them equal in this manner: 


+ 300 Rupees ! fid 


— 100 Rupees J 10 r 


“ First I write them both, alum and belt -, and l take 100 rup.es ma.aivc i m 
“ 300 rupees afiinnntivr it is 400 rupees a.Vum.uive • and 1 tuki o iinlai< u /Vein 
tl 10 unknown, dine remains l unknown. 400 rupees u equal to 4 unknown.. ( 
KC divide the first by the second, 100 mpi cs is fie quotient, and i In > is lie pt ic * 
of a horsed’ The other questions produce ai m .-ample equations, in wlm h u«>ilnm«: 
rematkable occurs. 

Ihe second example has three unkuown quantities with only ofie equation ; it 
is solved a « by nsMimin »* the unknown quantities in the propurir.n of . ' and 
\ : and second) , i, .•■.smniug rhein as 3, and 1. 

la the 'bird example the Mussulman m ines, 7.eul a ul (hum hi fmnwlucrd. 
llic fourth and tifthrvm [ s ;m lain, nothin^ wo .dry cf n ,ec 

The sixth is as follow >: iV \ person lent money to another on condition 0 1 he 
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“ wive per cent, a month. After some months he took from him the 

“ I'-inciia! and in ir. -t, ami having subtracted the square of the interest from 
“ principal g vc the remainder to aa uher person, on condition that he should 
“ I't^va 0 per cent, and after the same time lnd passer!, as in the former case, 
“ !. • t, si; back I be principal and interest, and this interest was equal to the first 
interest • what sum cod he lend to each person, and what was the time for 
'* which the money > r. lent*-?’’ 

Tb. f>-t > b .i 1 v; supposed unknown, and the number of mouth- during 
i u h it was lent is supposed 5. The question is solved by the rules of propor- 
">» mid a simple eijc ition. Another way is given for working this question, viz. 

** Ih-.ide the interest of the second by that of the first, call the quotient the 
• uiitipiie 1 d, ,iv.: suppose .. mini! r the interest for the w hole time and take its 
‘ . , 've, and from the multiplicand subtract J, and divide the square by the 
■ - O' • .or i tin. quotient Will he the amount ol the sta ond sum, and the second 
“ am u it ip-led by tin* multiplicand, or added to the.square of the interest of 
“ tin. v. n >!v, will be equal t > the first urn.” 

flic next question i. like the preceding, and is solved by means of the rule. 
1 . o v sc. V,-d other examples, which contain nothing new or remarkable. 
A question in men luxation comes next. 

“ There is a triangle, on- side of which h; l:) surd, and anotln r side 5 surd, 
** a*’-l •’ ai d dwells; how much is the third - ifle ■ I suppose rho third side 
Mjlsi.own ; the • ide ! 3 : ’he base, li i- known that when the perpendicular 
“ is mukipbi <1 by h .if tbc base, or the base l>y half the perpendicular, the pro- 
“ due •• f 1". ’he . ‘.a of ib, triangle. JIcic the ha-. and th- urea arc known, 
“an-t tbc ipcrpcmbcd.ir is unknown; j divide 4 which is tlie whole affea by half 
" of I i Mod i the qnot "lit is ilic perpendicular. J perform the operation thus: 

As 4 is a number 1 take its square Id, for the division of a number by a |uul 
" is impo> mI-. -. i i.i, ■ half of 13 surd thus: I square‘2, which is'thc denomi- 

‘ leu-ii 1 I -, ii is 4. I divide IS by ii. 1 lie quotient is i'l parts of 4 parts. I 


* lii p, Dr. tin |-iinci|iul, i, i Hip n'-H.it} », ijje mtp, • (lie nupiln-r of lie months. fi 

“ ii w fe i, 1 ~ p i 1 , !' -' ", n<ul i —■ j : we 'i ■ ,ie (s _. t'p. r n t ispj or — 'us _ 

/ ---/. - c cl 1. — f r- ' u.i, ’ ‘ , . .J P U. *• 

r'l 4' h '**■ r h - 

tT Sr* *’ 

' > [>«tM • \ ti'OJlM* liif it. if tj.irl^nta 
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‘‘(hvidr 13 part., of 4 parts ; it is 64 parts of 15 surd; an<l this is the 

<{ I >: I then -eg.lire the excess of the square of 5 surd above 64 parts 

‘‘ ot 1J surd : First l take the square of 5 surd ; it is 5 number ; take it • square, 
“ lt * s 25 sun! » tbe root of which is 5. L then take the square of 64 part' of j? 

surd, as above. I take the excess thus • I make 5 of the same sort: ii i> 65 ; 
“ 1 t;,1 ' c tlie excess of 65 above 64 j it is one part of 13 surd ; amt this is from 
“ tllc l-tace of the perpendicular to the angle formed by the aide 5 ami the base. 

lhc other segment of the base is found by subtracting ihi- h\.m the w hole, •, 
a rule which urns given in the 4th chapter of the introduction, for findimr the 

difference of two surds, viz. y/a~s/b~ V / (v / \i, - 1> X !>). The square ro<„ 

of the sum of the squares of this segment and the pc-pcndirulat gh t * tliu.inmu g 
fftlie unknown side of tin? triangle. 

In the next question, tlu* ^id( j ol ii triangle bcin$ j-’U'cn, it^ area fs rt ir Murod. 
One Of the segments of the base made by a per . mlicular, is ; ,uppost .1 unknow n 
r. :m two values of the perpendicular, in terms ol' the hypoliu-nuscs nr t !-■ , v . 
right-angled triangles, and their‘bases, au equation is foritud; in in ■'uc:. ’ » 
upknowfc quantity brought out. The equation involves many suuls, and they 
an. reduced by the rules laid down in the introduction. Tin. perpci:dicul.ii h, rht-t 
found by taking tin sqn.au root of the di/uvciiet of the squares ot a segment of 
thebu.se, and of the adjacent sides ot the triangle, ’i lie operation i - i ci- con- 

iludcd Inanmiginal note ; ro directions to lind th ana, as in the ibra.oiutr 
case, 

l ic next is, “ M’hafc four fractions are those whose uonominaiai s arc cqu.ii and 
'a,.' sum is equal to the sum of tln i squares. t\Uo what four fractions sire 
• those, the sum ot whose equates is equal to the am of their cubes.” K, tint 
fust} . 11 ot the qu stion : “ Suppose the first fraction one unki ov >, tie second 
*■ tv.o unknown, the third three unknown, and die Ii. nth I ur \ n;um ( . 
eluw each viiie l for the denominator. Thosdlu of the four is nrdtr v.q, 
Jliei! squares are 1 and 4 and Q niul 16, whose sum is 30 square v unknown, 
ami these t wo quantities uc* equal. Divide both < •, ut’J.mr a; h.c qn. tj«-» r 
oe 10 ljiitniici n«| 30 unknown. Divide 10 by 30 unknown, tlu quotient i» 


“ - of unk.no,\ n. 
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1 b »iisi fraction then i, the second *, the third 
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* tin- sum of tli : iniir is awl this is equal to —In the same manner the 

’he chu fractions arc found to he J - . {-■-, -* 4 r> and —• 

!()’ 1U 10 J 10 

l he rw\t is to find a right-angled triangle, “the area or which is equal to its 
poihen- is" •” and to find a right-angled triangle, u the area of which is equal 
L ' .(’tangle C ir. three sides/’ Fur the first part of the problem, one side 

oft . , ‘ ria ngle i, assumed equal to 4 uiiku av i, and the other side equal to g un- 
. ;«•> • ii ; tlm hypo'Ceii'sc is ibu.ui • m[ uul to o.r, and the area equal to 6 b 4 ; the 
cqua ji\ ;u ().r x ICmg reduced, gives the value of r. For the second part, the 
•wle-, . e as in ad above, and the value of .r i* deduced from the equation 60j 1 

= tu '• 

Tl i xu xt problem i>, to find two numbers of which the sum and the difference 

• •bah ! f i ne and the product i cube. The numbers arc supposed and 
1 in ‘ tn< cube to liicii ilicii pruduct must hr equal loOOr 1 , whence a* is 
found. 

The next Is to find two numbers such that the sum of their cubes shall be a 

the sum ol the r squares a cube. One number is supposed \ and 

!. • other £t:\ and the cube i'JC’ . In the solution of this the following 

passage ocew's: “ T’u cube of tlu .squ.u*. of unknown, which in Persian algebra 

“isu .,1 d *"•-*. re C « be/ In the margin is tlf-note : “ Here is evidently a 

“ 5’j • f.u oi Pen-nan ab- r t bi. the uni.no 1 , i (. is called thine- ( ) 

^ . v o V s 

- square {£j^) .squire (literally possession;) and its cube 

_ v) ubi ( ; ; and -vln.n the c ube is multiplied Ig thing, the 

‘bpodnei i tailed square ot square (^JLo * and when the square of 

v'ju.w \< h’ i 1 ‘ -i I)) * iiiu; the ]>mtliK t is e.ill< d sqn i! -of cu(>e 

; u « win ihf quaie of tub. i* multiplied by thing, the product is called cube 
‘ mi mhr (v^-ocf m-oC), not square of cube. Foi example, suppose q tiling 
t % 4 iis ,,( ju.ih H it. ubr, in iu> square of square, 32 it , square olCube, 64 its 
b» 01 ti. t not im ,qu«iic of Cube although r Fur cube »( tlu* square 

1 .J.gi-.T Ol l/i" apiao (if tin ' uhr |i . v.x.£r: 

(n the m :;. ' vample 1 he 1 (tree sides of* a triangle arc given, and the perpeu- 


‘ U II. ); *i.<t till- <nn of Ihjtifm -.:r*.4- lx* rr *,i\ auunv thi 
*5 Iv •, and x m j lluno^ii • ’j «mJ l*. iv ihc uf.«tb*:rr. 




Ml NtSTfiy, 


or EQUATIONS, 




Ml 


dicular is squired. It is found in the same way as the perpendicular was found 
in one of the former qbfcstioijs, when the skies being given the area of '.a 
triangle was required. 

The three following are different cases of right angled triangles in winch die 
parts required arc found by the principle of the square of the h\ nothcnusc being 
equal U> the *uin of the squares of the two sides, and simple equations. ui the 
first the base and the sum of the hypothenuse and the ‘Tier s.de are giver. In the 
second the base and the difference of the liyptohenuse mut the other side arc 
given ; and in the third the base* part of cue side, and the of the hypothe¬ 
sise and the other part of that side, arc given. 

The first book ends with the following example: “ T vo sticks st-ml uptight 
<< the ground, one is 10 direhs in height and the other if direhs. and tli • 
“ distance between the two is CO diichs. if two diameters a.e drawn bet* cm 
“ them, v, hat will be the distance from the place where they meet 'o (lie ground « ? 
“ Suppose the perpendicular unknown; it i, known that as l.s to JO, so is the 
“ unknown to the quantity of tli distance from t he side 1 u to t ue ; ace a “’a >* ■ ■■ 

“ unknown.stands. We find then by i proportionals, 4-think cfuiiki ov.n is the said 
“ quantile. in like manner we find the second quantity > parts cu J<\ iliac is 
41 U unknown. laic the sunr of the two, it. is I O-tliiros. an I tin.-- i • * | 1 ' • '* 
“ Divide ‘JO by lo-thirds, the ip: tient u> o ; an . this !'• tin <ju 11 :t.fa ol lilt: n. — 
“ known, that is of the perpendicular. From the place wht re the perpendicular 
<( stands on the ground, to the bottom ol the side lo, is !■ ; loi i' 

“The second quantity is $ direhs; tor f is 1 unknown uud a ibiid of n f iow ... 

“ And know that whatever the distance is between the two stick ■, 1 . -jii.i n< v 
“ 01 the pcrpendirul a will be the Mini'; and so it i.> in every • .i c. " v e. .i also 


* I »T a? jsjt 0* nc rr l r >, W rst VO. 

H\ triangle* u p i* . . ur : rc, 

uu : rn :i ha ; rv;, 
wluMT-o L’i- pd •: n.\ : vc, 

(l «n! if nil i If! if ! 11 * ’ id 1 ..lit) of I; . I'ilA. 


■ MO 

✓ 



Jly t tniiom'fMi mi* 4 . i-„ . n r> , ii\ ruf »i.\ » t .u }- i-d - iu>. tln*r ^r- s 114 d o c u». n,\ •» . in 

the r»sio rff »D n. 1; p*; V. ! ,-M,- , iyn,,.* lit » j. . putlion, 1 i + DC ; n < • » *. - • >■>. th-u '•» *0 t • •• • n 

,)C»rlitnt,tl lo ti A V* J • i' . . tl tjr Ji.'Umt ’ • n^'Uol • • 

l .’leak Jc I ig > lit* 111 ip prop® IU.. 11 , (*, H hi. <« Geometry, p. •<».) wlwrc (he i-t arc -t <U nu.l 0 ; ur page . \ 


vfiii/it’ ' • • "k 1 . ,'md <7. Tli iwuiui i*» in 
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“ ; c * !: ■: 1 t[ ' se tu ’° quantities by another method, and that is the ratio of £5*, 
“ (that is the <mm of the two sides - ) to 90, is like the ratio of 15 to the unknown* 
*• that is the quantity towards the aide 15. Multiply 15 hy 20 , it is 300 . Divide 
‘ 300by 25, itis The ratio of £,toi:o ; is like the ratio of 10 to the unknown ; 

' !e r,;suI ls s > an(l t, \‘ 5 ,s the quantity towards the .side 10. By another 
" nicUl0d ’ ]> y four praflortiouals, w find that the ratio of £0 to £5, U like the 

„ "iT -°;.r t0 l tllCUnkn,nvn ; 6 13 tl,e ,esult - In like manner the ratio of £0 to 
„ U ; C th;-t ° f lC 10 ll,,known 5 again C, is the reM.lt. Another method is. 

' lVU? ' ‘ ra,i; -- r!c ol ’ lV tw0 6li(-k b . v sum of the two, the result is the 

t uantn.v (>f the perpendicular, and the quantity of the ground we multiply hy 

*> suk separately, and divide both by the sum of the sides. Tire two quotient 
„ " “ ! ■ r, . u ■ "tiL!e. from the pl.we of the perpendicular (.0 the bottom of the 

sreks; accordingly dtvulc 150, which r the rectangle of the two sticks, by 

, l *'V 1 nl ' ' ■'* ,ulf ‘l >l - v ~' ) di '.'hs, . Inch i : th.e quantity of the ground 

'■ ;; 1 ■ ; ; ,l pi ;:.■■ i*vidH,o t hb yC5)tht . q „o tifnts 

* aU .?I In tlus ma,1QCr hc hyure maybe found by calculation a* 
11 cornxily M ,f , t were measured. ” - w 


t;»D of rin, fih.it no ok. 
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“ O.W the interposition of the .unknown : where the square of unknown is 
,f eqml to dhuiUl-i. and that is rejected with the unknown. [Or ilii.'.-e . by 
the unkimo/i X&sCy hJl)* (‘ not lilt<y tv r * U:U ' lc m,: " ' < 

perhaps there is some error.) 

“It is intitlcd, ‘Interposition of Unknown,’ v-o Lzsmjj ) ; bee: j me 

lt that which is inquired ^ brought out by means r - ba* u 1 li ,v •' * i j 

called Interposition (La*h J ); and Miulhum Thrun (unknown nvimsf) in 
<c Hintlce is to bcsounclerrtoocL Its method is this : pie square ol uncrown 
k being equal to number, multiply both, or divide both by an mm-nv d uu. • } 

K and add a number to the two results, or subtiacfc it from them ih... Loi», .» .j 
Sl be squares. Vor if one .side is a square the other aiso V'iu be j .s» iiu ' !, , r t. * v 

41 aie equal, and by the equal increase q» diminution ot tva> equals. tuo equa ; 
44 will be obtained. Take the roots of botji, and aftc. equating (livid- the imm 
4< her by the root of the. squa»e of unknown, that i* by unknown ; the lesuU wil 
14 be what wa«» required. And it tlure is equality iu the cube of the uulmmwn, 
44 or flu- quart.* of the square, that s after the operation ia the thing am* euf.v 
44 and square of :jtiau\ if the rout cannot he found, nor he brought out b. r ” le, 
44 in ti nt cast? it can only hr obtained by peilcct meditation and ’ii’ii'eii > *• 
“ And, after equating, if the two mdes are not squares, the method of making 
41 them squares is this. Assume the number 4, and multiply it by the. urn bu « i 
4t the square of the first side, and multiply both ■ 1 Im bj the produ< i i . 


* Prom thU . . t!*o cud ot thtf ruli Mr. llano 
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' ' ov EQUATION'S. 

*' ''"' C ’! ; ' M11 ' r i^crca-e lioth sides by the s |uare of the tiling of the unknown,' 

" ' ltli ') " 1 1,1,11 sl,ic ’ sl(lrs ui!1 1,1 squares. Jake the roots of both and 
• them, and the quantity of the unknown will be found. 

EcampJt. “ Some bees wee sitting on a tiv-; at once the square root of half 
‘ ttrcir number fh-w away. Again, c-ight-i.fi) tl.s of the whole flew away the 
“ M , ,1,nC; tv ’ bee* remained. lion many weie there? The pm rhod 

" of bringing it out is thist From the question it Appears that half the ,um has 
" rr ’ : 1 u,t ' Klor - ; - s.piaio of unknown, and I take I unknown, that 

“ !S U,,,K Atul u.s the questioner rtientions'that two bees remain, l 

“ unkiuMv n and |fef 2 square of unknown, that is if of J square of unknown, 

' uml a units, is equal to £ square of unknown. I perform the operation of 
( uui ig ic iia ti »ns in inis manner, 1 multiply both sides by .9, which is the 

' ‘ k " 0,i " 1,,UOi ' ol ’ a uhu! ' ; ii; v '•««'<-* nkuo'vu aijjrl <J unknown, nod is u „j ts 
<( S equal to 1K square of unknown. 1 equate them thus : 1 subtract It; square of 

“ b..v Mde from It .quart-of urtkuown of the second side • it i- 

lk,,own al " rrn(Uiv ‘ • and in like manner I subti "km,an of 

-tlu- urst M<ie from cipher unknown of the second side ; y unknown negative 
n mams, i bet, 1 subtract cipher the numbers of the second side from 18 units of 

y U: ,USt 1 S1<le j U ,s the the »'«de then is £ square of imkuov. n ufiirmu- 

^ five and <) unknown negative, ami tin- -cowl side is |H units a(Rrthativr. T,. thus 
^ example W-cre is equ ibtv of square of unknown, and unknown to number ; that 

S '°* v| " ar,; aur ‘ ,hin « t,f nu, i»ber. As the root, of thetwo sides can- 
•-or >e found, suppose tie- numher 4, and multiply it by £, which is the nun 
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second sule is i . units allirmntive. I equate them in 
•“ M" r: I uMiat t < |-lie) m known -d the second side from 4 V mk 

,I,M aK ’e: ..,.d 9 units negative of the first side from 15 units ulliim.Svc o 
ond side ; the first is 4 tbimr. and th« ser.md .,. 1 .. js 


ve, 1 


nv n of the 


- Bntl ‘be second side- is units al 

divide, ' is the result, imd this is the quantity of the unknown 
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us we supposed 2 square of unknown, we double do : die whole number or bee r 
then was 72.’’ 

Iu the next example arises the equation a +4,t’ + 10=a >x ; then x > i —20. 

• 

4x % - 32.i- + 64 = 4 X GO + 64 =144, &v — 8 =: x =z ]0\ 

Thernext example is, u A person gave charity several days, imi easim, du 
il gift equ;; l v everyday. From the sum of the days 1 being subtracted aid 
<£ the remainder halved, the result is the number ot dirhems which he gate i 
“ iU ^ v: hc j ncrcn cc l always by halt of that number: arid the sum of the 
tc dirhems b * qual to the product of these three; that is to s.*y, the nnmbu ot 
ct (lavs, the liumhev of dirhems the first day, and the number ot the iucie..se 

“ ad tied to ~ of the product.” Let: the number of d, ys be 4.r -k ), 2r is the 

44 uumbci of dirhems given the iirut day, and x is the number of the ii.e;\:o.— 

1 . ](u‘ + 64a 1 , , . 

( hr + 1) x 2a’ X # — 2f* ~ L 8a’, add r of this- z — ttic ^ r 

dirhems. Then ly a rule of tin Lcelawuttee, ((4a ! 1) — i r — me 

mnuher gb cli the last dr; ; h.d tin* sum ot what \*gL* o ai »i 

iaot il:;}. - vhat given the middle day • tn»U tins bv tlu iMtnhr oi 


, t . Mr' -h 6 4a ' 
days; it ; ’M" 4- !0r x 4- Gr, Minch is — * - '*■ • ha 


r \t ■- u . Mill- 


tiply by the assumed number for in ’bis case as the co-elVu it nt •'! »*' 


is wn, 

wmjtmmj --j > ” ' » 

assume the* ('•i-ctic id'll ilscll ol :■ 11 1 add the ‘■ijuurc ot hull ihe i o-i'hcu'ot «•: 

7. 
c 

;r ’ 


59 dr 

a\ 0>4 a - 4321 + 7‘:i> =■ 841 : It — 27 — ~”i, •*’ “ —"~ 


The ncx| il' to (i[>tl r in tli equation g + X ° ~ i"- 1 * 11' - s " l *u» 

“ I $U|ij <>:ic, M’liut i' ;t’f|!iiuu lo . e thing, 1 divide it 1 v e.plu: , - • >hc • 

“ is imi-ossililc, thing is obtained, wlnwf de noinmnlor is vipk” lr> 

" is the Mjuaro ol‘ thing . v. host denominator ii cipher, I add lo tin win. n te I 
u root. It ), tiie sijuarf 4’ thing #ml thing, whosi <,u<nr, nat - ’''phii. 1 

“ III O. ri: |iff j it t s I 1 e squ.>., / g Ullll .'/» )ig ( ■ It. ' • ’ 1 

“ H> a kuU .nii. I eHiUvuttw, wl. <h s.»va, Hull: when tl • «<•«! cipher 

“ ..ml the i till iplirr a numin i - whose ileuontirt.ito! j»< .i.'hi> t .. piotl i* ' . ’<’ 


^ Piiltr/ tlliji «’N | uiiol ->io- ' '•(' l >*• m t,l in .o»* bi ■ •» 


. Mi JAuft *%' *fiA 








mtsTfy 


of To,rio x ... 




“ .minim-, and cipher will be rejected,” Whence tl,e emution ■ + , - « 
v 16 solved i:i the common way. 

J he next is; a va! ■<: of ,r is required in the case ((.H- -) y 0) 1 + C (j- 4. 

0 ~ 1U )S b «>ught out in a manner similar to that of the foregoing 

.lim ncu fxa.nj.'k: ?s ot :• cubic equation, • iz. .r 1 -f 12.r = (>.r l + '35 Tin? 
fan.s involving the « > known quantity being brought all on tire same side, 8 is 
sakeu to complete tin b “ I tal the root of the second id mU I 

„ T !t * ' JlC , cf 11,0 f,,stside 1,1 the arithmetical manner, thust S units nega- 
tivc, and 1: untc.noaffirmative, and b square of unknown negative, and 1 

j 01 Un ia ° XVn ‘ 1,ySt ' 1 taU ‘ ^be root of the last ternt it is 1 un- 
it . 1 y™ 1 *»? tau,t ^ 5t ?. a»a I divide the term which is last. 

„ ] ' U °"‘ hy l>! ‘ 1 ,<i . U f t ; f 8 "" its native « the quotient. Its square, which is 4 
affirmative, 1 multq% by the term first fount!, viz. 1 ffe it is 4 thing, I 

, 7' l, 7 !■ • '! 12 un, ‘ n0w,, ‘ 1 Sl,bt,act it tv«.m the third term which is 

’ ' '' hc ,llst * noth,!, R Af«-r that I subtract the term a negative f rom 

“ !ht ,!lM tcnn ' uot,,i “S wmainB. The cube root then of the fir , t side is found j 
M;/ f. a,h,l1,5l,ivc aml 0 ««th.s negative,** Whence .r - 2 = 3, which is 

hu <*d in tl. usual way. ’ 1 ,S R 

1,1 fhe ncxt a biquadratic is found, *♦ - 400.r - 3 .» - 9000 . To solve this 
r r t ’ : ' f" t '' ! * «** - - 1 C; ,be equations then 

, The root of the **.ridebut the root of th^ 
r ,XX ' i in ; i0t . !x - ] ‘ i,,d a which being added, the roots uf 

Lor 1 ; ' n,uv 7 iai, " <l : ,h ' r *• 4 *•* -I' 400 . Thir will give .t* + C< > 1 

1 '7°' ) + ’- ,v ‘ + -‘ OMr t 11 ' -siiv. iingthr square root, . + , _ ]0 * 

: ‘ y rul “ «•*» h> this cliaplfr. At th ■ conclusiou of tit cx 
«. Y solution of Mich questions ,l,„c , llfe Z 

" '' ' .» ll, lqiii< nt, aitli d by the a. .i.tancn.of flod 

t examples iiotic 1, ..f.qoid^ ... 

1 ' ' 1 '* 1 ,H the ftitolM. Mr oegutive, mul on |i, e 

„''; kr “' k .. u y'\ Him. llic negati,,- „„ ,l„ ,i,. st 5it|l . 

' . ... Tf f"»t K tin in without kltciutlou it 

*; •' ‘ho *tt-nul .Id,, .rcinnrmntive, .„,n,t,'il,c,n ntt 

.. :• *" ; T . . ; «iiumhm til 

.nuL M tli <A \ • nf i \ ill probably ausv/cy. 

Tl,r !U " ' 1.1.1 ». "Tl. vl« of . dial IS lingers long ,u„d« perjwndi. 
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culai on tin ground. It' from its shadow, a third of the In p.<i heme f of throe 
“ two sides, viz. the style and the shadow, is subtracted, J4 lingers wdl I'.nia;;). 
‘‘\l hat then arc the shadow and the hypothenusc ?" In the right-angled 

triangle - , a being ar 12, and A— — — 14; c and A are required. The equ::- 

turn (lit, - |‘>V — b % + ! \4 arises, ai: .1 is reduce.' t«> >\h — C ) ~'27> i *■ fc ' Vj 

'allies + 27 are taken notice of. First, f~ 27 g'ires b rn 2 ‘F o 5 v *ie,i is 

tied aivcl to be light. From —* C 7 ? b is found ~ 9 ; “ but here, it is o. - ! 

<c 9 is not correct; for, .dter Mibtracting a third ol the liypothenus/, It d. . 
wt not remain. s> In opposition to this, some one speaking in the iv. i pecon v/-n>- 
Persian translator, I suppose) saws, u 1 think Unit ibis also *s light, anil go v n. 
kL to | ove that in this case the hy;> chemise will be zr - \5. 

the next problem is to ft ml four numbers such that il to caih ol diem 0 be 
added, the sums shall be four square numbers whose roots sb d.l he in arit hmetical 
progression; and if to the product of the fir*>t and second, and to the jm cm 1 . c 
the ceoncl and third, and to the product of the third and fourth, 14 be a <ded, 
tlicce chin, sums shall be square nnmbc’s; anil if to the sum 0 ! Uic n *•' «u dl 
the bquare numbers 11 Ll added, the sum shall be a mjiuuc numbei. su. 
square of Id. 

It is here observed, by way of lemma*, that, in questions like this, the fcf ;cg- 
‘ meat of the products'' must be equal to tire square of the difference of i«k • 
multiplied by the aiigme.it> the numbers;** otherwise the C fcA O ».# will br im¬ 
possible. 

The lbliwwiiig is rm nbstraci oi'tbc so!u ion: (Let . •>, ,</, - .c ti - . nr mini- 

hers required, and j, t, is rg c . <Vmr roots which must be in .unhmcUc.il pro- 

i 8 

gression). lly the lemma we find tli. vniinwui d’ iercncc — »• C'be i ' 1 

mot. being r, tiie sc< ontl will be - r i- 3 , the th'qql -- r + 6 ', aiul the Vm'b 
*" 4- y. 

N,J » •' -*£=£%/(km + 13), and st~» i 2 ~v / (» , /+ IB), ami A> —v'.._ + l 


* In a nwrqni.il not.-, ivhn „ I s ,ip|io,« I- urtlm hy tin- Pvmiii" Iiumi Ui.t i|,o aUn I t.w-1-mi >u 

to the probJi-n. i,illi,Urit.d i!m,, j 4 ... il, n< . nunui-r ; (yi • • W X r-r - . • 

»., this. owe v.-c ha : ■ i two aue • 1 . »ml • • " • 1 - • sil . - 

iW ica-on df tht» ruf is i'Imui. 4 1 i 
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V>'c Ini.-c now ; ^r+Sr^r+ 3)* ; 7/ + '<2z=r(r+('t)' ; .?+<> = (/' +g) x ; 

A]]( \ ; >vj/+ 18 — (^.v/ — 2) \ aiid ysd- 18~ (jv—JZ)\ 

Making; r.+^-W hv + (^- n -)+(^- t -) + (/tn-2) + 11 — i :3 5 ; a quadratic equa- 
t; aiisc‘>, \ hied luring induced /■ is found zz 2, whence? : n l ; , x ~ 2 b yzzG ( J 3 
and s — ] ]y. 

8 rnc questions about right angled triangles occur next; the first is, Given 
* f iV ' ,: S 1 : i :g!u origiecl triangle 15 and 20 ; required the hvpathenuse. 
A 11 bough hy tj?' figure o' the bride the hypoihenuse i- .he root of the mu . of 
f ht *5 tares ot die tw< mU\, the me thod ot .solution In Algebra is this : in this 
“ tnangie supp ,sc the bvpothcnust unknown, and (hen divide the triangle into 
tW', nglit-angled triangles thus: Suppose the unknown Jiyputhenuse the base 
* /Jl ihc triangle, and from tire right -angle <haw a perpendicular; then 15 G the 
b\potJu iron oi the small triangle, and 20 that of the large one, i)y four pro- 
’tr f u ’.s ! find, when tin* least side about the light angle, whoa; lr pothc- 
1111 v its } unknown, if. ' 5 ; ho\. me h wdl he the hast sole about the right 

is 1.5. In like manner the. other segment i. to be 
brought ouf, when -• x — 25. i{ If I would find the quantity of the pcrpcti- 
r fi-a;fir\ and the segue nts of the Jiypo then use at the place of the perpendicular. 
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“ lien I add 25, the small square, it will l>e equal to .he \\ live square of the 
“ hypothenuso, that is 625, which is equal lo the square of thing : ami iu m". n 
'‘eases an citable root cannot he found, then it will be a surd ; and .f u e <lo 
“ not suppose thing*, add twice the rectangle of one side into the otiicr, to tee 
“square of .the difference ol' the sides, and take the root of die .wini; id ie 
“ the quantity of the hypothec uh\ And fioin this it is know thru lawt ' 
“ rectangle of two numbers is added to the square of.their diftcreiicr, the e-ult 
‘ e will be equal to the sum of the squares of those two numbers. ’ 

Tile next i- iu a ligbt-am.hd ti ingle • G.vcuv'' > :— "<) - 1 r: *.<* 

-\f 

bo, required the sides. “Ftr.it. I perform the operation of contrariety arv 
“ position: let ,\c — tic be supposed C. To this add I, it is 3 take its square, 
“ Its is y ; add 3, it is )•:. Tins is the quantity of the K*s side : its squ; re w ich 
“ i*. lit is — .u:‘ — ne*; here llieu tin ddieivnees of the ten migii.ut .am ba-\ 
“ and. "f the two squares are both known : and the ditVcrencc of the squares < f tv. 

“ number-' is equal to the rectangle of the uni of the two numbers, into their 
• difference. Therefore v.lun we divide the difference of the squares by the 
“ difference of the two uumbris, the sum of the two numbers will bo he qu .t.e: . . 
and ii we divide b\ the sum, thr difference will be the qu t cut • be.-.*. 
square of a line hair rvf«rcue< to a four-sided equiangular ugm whose Mur 
‘•sides are equal to 11 1 a r line; lor example, the square of direhs is i; >. If I 
‘ r subtract the square, of.i from it, Ci remains; aud the dUFercncc 
“ and their sum in. and the n im.h of thr.se two is 2h which is die number 
- lemaiiuii ,v. Tin a it is know a ib.o. the rectangle of 'be sum if-., e '■ - - 
“ into ilie’.i 1 dilKieuce that is in multiplied by 4!, is equal to the dilVTii..* ol riu. 
“ equates f the t w > that h g-j,” cse.. On this principle the sum and hi' .rni’e 

being found, the in nlu-is them- decs are bad *• b\ a i ule <>| tin. la ; i c ■ ifco, ’ r i 

u + b , a — d . >i 4 - h ‘i l> _ , 

lly supposing otliri nmnbci s huMtlcs C tor the r 4> ux‘ r ami procjt'itliug n ihc 
*hove manner* triangles without end may be hmml. 

As abject ion ii here mn<U (l suppose by the \ rau -Utm) ha. Hi 

above iv not a *Wjju 1 ico,l l ft is \hcn Mat*<1 Unit the tun laiu h o I* ij out ;» 

way *.)f solving tin* ipiestiuii by Algrbi i. lit (bri. t . that t 1 v Oh!h,i 

/e uo may i <• a aim I i . a 'before; aiyl inakiu. iu ~ , vv \ .1 ‘x 

, i <2 
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4- and b being _ 12, the value <*f .v may be found from the equation 
.r* + 12* = (a- + 2)\ 1 

Rul-\ “ rue difference of the sum of the squares of two numbers and the 
s<;" ii? ot the?.- sum is equal to twice the rectangle of the two numbers. For 
. the square* rif J and 5 are y and 2J, that is 34, and their sum 
“ n 8 and lts si l uafc ai,t * the difference of these is SO, which is equal to twice 
“ the rectangle of 3 and 5 that is b\ the 4th %t thus,” 4 n 

which I not h omitted. In .Mr. Lurrows copy it is 




8 

9 

15 

5 

15 

25 


3 

5 


T!,cn follows another rule: 4 ab ~ (a + b)* - (a - b)\ which may be easily 
liuucrMood by this figure. Theic is no figure in Mr. Harrows copy, nor in my 
I>resfr,t copy, but I had one in which th< re was a figure for rhe demonstration of 
^ u. Sth proposition of the second book of Euclid. 


Next come tWu examples ; The first of them n., what right-angled tiiamdc is 

tin: “ die sum of whose 3 sides i- 40, and the rectangle of the two sides about 
r ‘ rhe right angle 120 : 

‘ u.^iiio.l of w.h.tion ibis: Uy the first ude take twice 120 , ii j 9 2 40 
and ltd. is equal to Me difference oft! e sum of the squares of the sides about 
' n o a "^> ;"id the square 0 f thtir sum that is the i». pothumse. Then. 

• ’ ’ ,1,e * u a re ■> ol the rw. (lumber-, one of wh - b is the , U i.i of the 

w,e * 4,1,1 tl,( olber tb < 'tien.ee, is *240; and the sum of both j« 40 
‘‘ ‘ 1 ;li( ' of.inclingnuttbc 1 ii.ingle, it was before known that the dif. 

• leruuT o' die squares of t > .» number.-, is equal to them r. ngh of their sum and 
<.i'*'Ti-ncc ; win u ti.c difference 'it th- two square- 1 divided by tin* differ- 

* ' ‘ rc tb< tMro n “ ni, >er 8 , the quotient is tin* sum tof the numbers; and if if jg 
<iivide<l ny Hi m.ui, die quotient is tlw difference. Let then 240 be divided 

11 by dw <v,a. nu.m vi , v,,; !, , ko • b> tfe fttttotUn, <1., qmitiuit 
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,r is (\ and this is the difference of the hvpmhenusc and the sum of hoc two suits 
“ a hout the right angle; then add d to 10, and take its naif, it is •>:); this is the 
“ sum ot the aides; subtract 6 from do, ant: take ils half, it is ]7, and this is the 
“ hypothenuse, lur llie sum of the two sides is always greater than the kvpothe- 
’ nuse by the asses proposition'. ]t was stated in the .set nd r ile tii.it tl 
“ difference of the square of the sum of two numbers, .. d .• tir es th.-ir rectum, e, 
“ is equal to the square of tlieir difference. Take then the squares of . 

“529, aud 4 times the rectangle Of the two sides, ilis 480 ; their ditf.w/iu. is 
"49, which is equal to the square of the difference of the sides, that is 7 : then 
“ add 7 to 23, and subtract it from the same, and the halves, arc ].*» a ad » ihc 
“ two sides.” 


The next example is, J 2 ' ' y required x, v, such that x -f- y f — jd, 

and .«*/. — 1200. “ I suppose the diameter •' '/.£ hypoth. ■>//>■/■) unknown; :.ffe its 

“ square it is ,r: This is equal to the mm of the square ef the two sides about 
“ 'he right angle, by the figure of the bride and as 4200’is the product of the 

“ rectangle of the two side multiplied bv the hypofnenusc, I divide by the 

“unknown, the quotient is tile rectangle of the two sides. dud i 1 r 

stated that th*. excess of the square <>f the :.uu, o the lutm' ers do the -jm 
“ o( (heir squares is equal to twiee the reeiungle of the two numbers, The sum 
“ ot the two sides is 56 — ,r; I take its stjuare, i; i> — 1I2.r •)- .;!w • ■ ,-.n il 
‘‘smnol the squares of t.hr two sides is _i \. u* th.o is tlr-.square ofiiic hyp. . f ■■i.w, 

‘ which is ihe same. I t..he th;.* difference of tin* two— 1 JC.c • .'JloO*, and t] 1IS 

i equal to tw ice the rcclamr'.* of the two aid. •■.*, that i he, 

-th' equation is reduced in the comm>m way; th • secure in ;|, enn'raiic 
which arises, being completed l>y adding the sqn.ire of Id, whieli is bull* tit: .* ■. 
efficient of x. In this way the hvpothenusc, ><rl tlicncc l’ie other arc 
bl.'iight out. 


no. iij.* h i t ft** 

tl'’ Kp tUityl)% .. U f r , 


/: . li •. . ’» (i •’ A 'ii' « » <•’ • . wl ' 'l vc ... o' -I lujlff. Hi* •• 

j w% cl. 'll.’>t p- ig.’i nr< uyL inUTjXj!* m* oi*Ik l 1 fiAalrito dor 


» o. ; ii v rr o \ 7 


1*0 On- 






IK)OK 3 


•• XJ r \IXING THAT MANY COJ.OWS -MAY RE EQUAL TO E.-*( 11 OTHUt. 


rci 



“ know n or ciplfer of-ilre otlie and all tlie bth'c r colours and the numbers of 

“ the second dde from dr: lirst side, from which the unknown war subtracted, 
“and divide tin-c colours by the unknown. If, as may happen, the tlcnomi- 
“ <.iu- '.n-iniity, t . foun the operation of the multipm and ; and if the 

“ dt noiiiiuaiura are difft rent uuk .own quantities let them be unknown. Suppose 
“ the 'purtitv of every •. i the. c unknown the denombr. ;or, a• .| [M , - t |. t; | mv 
r coio ir- of the dividend, mid ledu- e die fYackoas and lcyct tin (binmiina- 
*• V' I ’hen th<* u known will not remain on any side. After that subtract the 
“ black of one side from the other side, and subtract (lie rest of tire colours and 
“ the numbers lYmii tiie side from \, bicli tin* black was subtracted, and perform 
“ tl .... -c opew.tions ns were (lioet.id for I lie unknown, ami the ([entity of the 
“Wad will in- oh I Hint d ; and in li: da rest of the colon is, and all 

<l die i.wiai:' ii i ‘ of the mullipli uiiclw ’ll be obtained. Then perform \\ ith i; the op. ra- 
“ vit.u old be iiudtiplu' uid . and the mnhiplic.tiui and euoti. m will be obraineil. The 

dividcud.und the quotient the quantity of 

1 tl.f tin i*-or. A ml if in the dir idem! of tin opera; i.m. the imdtiplicand, two 
! iUji i s leinaiu; as for '\nmplc. black and blue, suppo-a tin second in order 
• • inch i' blue, the divimrnd, and oppose blac k a number, and add mat to the 

“ aiijnm nt, 111(1 perform tin- operation; an .hen the quantity of tin two. last 

“ colour, i* obtained, we shall known by I lie i Act hod which lias been explained 
and illi -Hand in the examples, what ure tb- quantities of tl a other colours 
iri below it. And alien the quantity known reject the name of 
• ■ • 'O’ .ml it Hi • |*in m 111j, ijl' 1 1 :c - 1 'Ton i is not ooiahn I in Whole mimhAri 

in.- in in if( ,i the epi lation of the multiplicand till it come , out whole ; and by 

" ‘puridity ot ihe la." colour wc know the (puntitiiof the other colours, so 


* fb.i! (hr ipianiiiy dt tin iiuknown will be found. 

' i o.eli litre arc many tl nsj viiiknow 


Jl'tiui .ms nil. propose a 
"> uppoie them clilhitiu 


WHISTS 
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OF I y determinate problems, 


colours, ^ Accordingly, suppose the first unknown, and the second black, and 
tl'w ihiiu blue, ami the tourth yellow, and the filth red, and the sixth green, am 
the seventh particoloured, and so on, giving whatevu innu you please to 
“ unknown quantities which you wish to discover. And if instead of these 
colours other names are supposed, such as letters, and the like it mav be dene. 
1 or \vhat is required is to lind out the unknown quam' tics, and tin* object in 
a S^ing. names is that you may distinguish tlie things mpiiied." 

From the lirst question in this hook arises the equation 5:v + 8 y 4 - 7 z + QO zz 

— V + 


/.r + <)?/ 4 - o. -r ()£. T om this is derived 

- V + 39 


+ CH ~ iy + H- 'J 8 

vi IT ’ 


;a*. 


Now z is.assumed ~ 1 , and from 


o 


, tlie multiplicand and the quotient 


are ton ml by the rules of the fifth chapter of the intiodnetjou as follows. The 
augment being greater than the divisor, the former is divided bj the latter. The 
quotient is retained, and the remainder is u/itten instead of the augment; the 
quotient i.-> fou d rr O and the multiplicand ~ !. As the ntmthtT of the quotients 
aiisiiig horn the division ot 1 hr dividend by the divisor is in this cav. odd, and 
as the dtvideiul is negative; and • :a• * 11 oflhe.v ciivtumtancc.s requiring o mnU 
tiplieaiul *0 he sulitraeted from liie divisor, md the quotient lnm* tl . d.V»dcud, 
the quantities remain as tin > • eiv. v i 0 ami 1 . Now adding 14, the quotient 
ot 29 divided by q, to 0; the true quotient is 14 and the noth'piicand i 
1 ne 1 'tore .r r 1 j, mui t/ — J, and : c: I ; , ml new viiuo ma\ i.v found b\ 1 ! 
rule s ol tin. Jtl; chapter c;i the thtt>d net ion 

Ife next qm>tion U tin • as the third o r lhc I -l book. 




In 1 1 ic v 
1 ' - -f \w, ; 
#ei ; ami 
i« f mud • a 


om 


1 C I 
1 * */ .1 

•.y • 


lul o.r 
the i d 


uanlilies n |* Vy 4 8:. + 7 re, .’*”4 . f- ]':/ 4- 
, and Sr 4 1 »/ 4 * «»•“ 4* lu\ all equal to each 
and u’ arc required. Fn>m tlie ti;*4 ami vcroml 


- Hit 


t rent 


roml and thi 1 d '»i 


iw *r 


»r , and 


» I , , « V 

1 1 I" t! ■ ,! tii''i ioixrt 

1 j . . > 

- 7 " lc» 



i'l 

" i: lh: two first. of 

these tluee oqiui 

lioli* \)tf 

: 20 a + 

lot., and i'i om tlie tv r» 

list 

^ y 1 

henec It « it u ii* 

; and di 


- '~ + ( ' 3 . : *' uid 


> 9 Vi y , whcieih l it, 

■ 4 the muUiphci, 

md ivng ei 

U'n, il 

wo-* i.dd licit iv In n iTc 

an 

cm nent - <f hi *! • 

uudtiplivanil will 

i 

Ol.* cinlier 

and [ 

icut f i»e qno icnt 


HtgtftMtp 
h Cipher. 


dii and run! quotient 
, onl t fra »Vcvv 


ili 
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aritl i- — t<’, anti the other quantities arc brought out iu the 


value of a*, 31 : 
usual lmiuner. 

The Hoyt example gives 5.>: + 7y + i)z 4- Stt’ = 100, ami y.r + 5y -f 7 s 4- 
m; — 100 . From tbv.se comes 4y = — 8 z — 36jo 4 200, and fui the operation of 
. , . . , — Hz — 36u> 4 goo 

lot- multiplicand - - —H-— y. Suppose «p = 4, then — 8s will be 

'ht divide and 4 - the augment, ai d 1 the divisor. As 4 measures 56, 14 
times without a multiplicand will be 0 , ft tient — 

adding - H lo 1 1 , and 4 to 0 , g — 6 and s = 4. The other quantities are found 
in the Mill ; way a, in the former examples. Another method, uot materially 
. i cut from tile foregoing, is alsopn b ribed for the solution of this question *, 

A grant part of the next example is not intelligible to me. What I can make 

IQ tllul SO tint —t—- ~ y, — - 


out i*; this. 


= Vi 


= 


d 5 ' 4 ^ 

nolc number . r values *»!•' /• in thc.c equations tin fob uviny me found 

by •"= 5z — 1, 5z ~ 4r; — 1, and iv :}w — 1 ; from this Iasi a rr 3 and v n <2 

7 

but these minders giving - a fractional value of z } new values must be sought 

for tr mul v. 1 lien after sonv pan which 1 cannot understand, the author makes 

v ;:\ 3 + \u % and u is found £r 4 ; then W fj} # v 9z 2 + 3u, y cr h. After 

n oic, wh 1 ) I cannot: make ov. be. finds ^ i - - e / by means of i which 

h< J : uld tn v and finds —: 15. After more, which I can make nothing of, he finds 

tf p and a $[). 

1 he r•-c>::imph: »s, .bat three numbers arc those which when the first is 
i inhijdicd b\ * <' id (1 m ided by 20, the remaindn and quotient will be equal ; 
: . i v hci tin set.., ml k multiplied by 7 and divided l,y VO, tin; remainder and the 
an a - fit. will c equal, with an incieaseof 1, to the remainder and quotient of the 
P i ; and when the third is multiplied by Ij and divided by Co, in like man rr, the 
: maimlri ami quotient will L><* equal witi< an increase of l to the icn under and 
*! u, d»vni »l tin, cond ? i he fust remaindp i called x, the *cr»mdt a* + l, and the 
dm r -p f 2, md Hie.e;. . the qi icj.ts. I .c*r tb« fiiat nu . her be j/. By tlic 


7i* -f Q # ami ; A I_tup 

~ ’ k). " 1 Mr- l)ii no a i ‘i to,;, f. b^m i; couiptcic hj tliii pan. I sJuill pro-, m 

iii* iifnl' "ion in miii from|||«, 









^ ■ G0 ^ 



or IN I.r/i KUMIN ate rnoBir.MS 


question 



whence x iz 


V y 

n* 


Let the* second number be : thdi 


/z _ a* |- 1 7 z_ qi , 

c3 — * + J + — } —v whence . zr. Lcr the thin! number be e, thru 

9v x H- G <)t j 4q 

3 — * b - 4-whence a* zz - :—From the first :i;id second values 


qo 


i j 


r . , y z — ° i 4 pt» q i 

Oi £is found —— y, and from the second and third -— - 


rro:n 


this last ' found by the operation oi* the multipli and z — 6 an I n zr o 

^ called die aim.au'iit of : am 7 ' the augment of s'; as this vaiim oi’ z dors i ot 
o* Vl ‘J/ hitcher, oilier v hies must be sought. ■ he angina nf <: ?• .netted iw be 
called u\ and the value of zc is to be sought; i is found zr />, and its at; ,..i i, 
5 ; 3d is loiiud by multiplying 3 by y and adding 6 ; at last the required numbers 
ate found 4 ... b and i 1 ot tins c\ ample after turn part whe e 

found zr G is unintelligible to me. Ir appears only that new values of ; o • 
found iVom G + 9 ;r, and that re and its value are found w zr 3 and :> 4- .*>//, and 
from e zz 3 the numbers are found. I support the question is soi\ed niin , :i in : .e 
^anu way as .such questions are now commonly done. » 

rpi . .v 1 .v x — 3 *j ! > o 

1 lie next uiestion give- -.-, --> --—. —— . -— 

** { y * *? r . 


to find x so that all these numbers shall be integers, 

Let the number required be ,v, let the lira quotient be qy 4~ ]. this jnnb dod 
by 1 hcdivisoi q will produce Icr ;h> uivhUud jy 4- q, and I bet *> add fm 
the temaiudei x z. 4f/ -j In like manner the .round quotient he r-; .n nne.l 
Sz 4- q. O* -J .> z: 4//; from this last, by the < pCluth n oi‘tin* multiple :mb. hr.,I 

- - 3 ]id V I tip nyiJUnl i. and t liM <»t •* : . Oy ; t h. .11 i r: .. J 

• * r - b 4 - i ; (s ; ’,/) ..* • :«.> -j- ,\(v,\ ,\ du* \ ! n« d //, S will m t aiv:v » i * * r • :• 

the thiid <*< million, |-j,ucl j 4 thus: Let rh third quotient la*. ; Mdnplv 

b> and lid :% < :; 4- ts 4 ,v, ih.s is ; . , .f. .it ' •..hence q t< - t >lr . i,, „ 

■ 

' — ~ nilscl ; • 4 ' lb a 1 ^ i r. '] ; q. .*,»•. n nt « • •• *i 

beeuust' Vj X ; < ’ C)of ) 

^ ‘ n ‘ .1 find • > mlfuh n v and .u at * -, —— 

~Z zi- ! Is a- ~ | ■ . . 

, *♦ ? t - • Uts |Ut< to 'ill ! 0 |lu;| l;tl w r• 


K 






c r i \ on t i .i m f w j\ r. ;• i: c .5 lv m >. 


7 !• 


1) - Ic- ft and . Let the first number be :>.v + 1 , and the second ft.r + 2 , the 
rhiiciriH <: i-. 4- i. Divide by 3 ; suppose the quotient y and the remainder 2 ; 

-■n x 4- 1 — a H- % and x ~ 3y4- 1 » and j.v -|- 1 the fir>t number — ljy 4 - ft. 

and 4- - the second number = lSj/ 43 ; their sum is S3 y 4 -l b Let 




.5 

F>* ’ 



3 


11 


from this is f und j/ — 3 and z — 12 , 


or ?/ ~ (• 4 - Sv and .•,-) + live; licuCc .»x+1 =.45rr4-^, and ftx4-2r:54ri-4-S. 
“ A d •' pf-dncl oi’ these tak*. i. according to the question involves remand would 
‘ 'otr; work,” “upp > e -hired ft :> i and let the second number be as it 
v s: throw <mt ; limn both, the remainders arc 2 and 5w 4 - 1; take ilieit* 
j indue., it i IOr + 2. Divide by 7 ; suppose it the quotient and ft the re¬ 
ft* , ?« f 4 

— r k 4“ Kit; -!'2—7 h 4- ft,—— — re; lrom this is 
/ 4 > AU 

1 .ft * i-. The *■ eoeu numl.ei bung '< l;r + a, it is 4 lXft 4 ' 8 =: 332 , 

ad <i j ;ui K'l ’ot i- 5 V X 7i 37be. As th< first number is 45tt’ -f ft, and was 

.qipoM d rr: i its aui' ii , '?nl is 4.5 X 7 c. 


I he* tt i • vh > n.Muber is tl at which beinj;' multiplied by <> and ; and the 
two pv ducts divided by 30, the sum of the 1 wo remainders and two quotients 
will be ! J u Suppose tie mm her r, multiply it by ift, it is loar, for if I had 
'• ; mlripbed n parately by 7 and q by the first figute of the second book, it would 
. bo be lOf. la t the quodent iC’j divided by 30 be lft.c— joy is tbe re- 


r sunder, add die quodenf ; Iftj — 2«»y ~2ft, and ‘-" f "7 — « e. The augment 

• y.i'n • tl. an the • lis i ■<>), ■ 'mart 1ft from 2ft, it is 10. 17/ the operation of 

i he multiplicand, die quo lent i- found .Oft and ibe nniltiplicand aft. from 00 

• »ii lli 2 O', and from 50 the 1 ft'; 3 and 2 icinaiu. Take 3 from 2 ‘) and 2 

ft' f*> 20 • 11 remain. As 10 was ou.e rejected from the augment, add 

! ■ ■-•'• ~ / and t ''quotient i 14 and the rcmaimlei I 1 .'. Xn now \.diu,s 

<:; ■ had in .hi. t by the augment, fot then die qu»vtent «’i rom.tiiulei 
would !ie •• eatei n '. 7 . 


■‘he m \li.i' number is that, which multiplied I ! 7, and y, and the 

jnndm'l. Ovid -d I), ><', j l ilie reman.de added togeibei apd again divided by 
ll -. ' .namder ' • 1 le i i Sii|»|io,i. be number a , ic' lju- he divided bv 
30. iml III du (p.o' 1 'ut bey then lj)*--;K>y 11, “ li |, ul multiplied 

' v naralKy, nml divided eacli uumlxir by 3d, tin •■mu again divided by 30 would 





misTfy 
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« also have been equal to 11 ; but this would have been a long- operation. 1 hepmot 
‘‘ of the rule for such numbers is plain ; for example, it S be multiplied In 2, • -nd 
“ 4, it will be lK; 24, and 32, and dividing each by 15, there Will reiBaui 1, 9, 
“ and 2. The sum of these, that is 12, divide by 15 ; theie lemaius 19. 

“ multiplied by the sum of these that is £), it will he <2, ni\uU l ns ' 

ains.-’ From 228L+21 = a by the operation of the multiplicand is found x - 


remains 


19 


2.9 + 30//1, and y — 18 + \$m. , , OC[ alM l divided 

The next is, what numberis that which being inu.'ip.i « • “ ’ • ' 

by 1*0, and again by 80, the sum of tbe remainders is 100? „ctthcminw b. <r. 

~'' lX — ill t j e „ 

Suppose the first remainder 40, and the second <>0, and kt ^ J . 

. = Again, >c< 1 - --- + & <*• * = H “ ce 803 + 40 

= 60J, from which are fouml, = 8 «4 a = 2; «'■«= «■«« "« ™‘£'r 

... +„, .-a + 3». l.et D- 7. ml * = 5, then .-=*■■ D > »“!*- 

posing the remainders 30 and /0, a Mill be —.k > * 1 ' , 

without supposing the reminder, given munbev,, ami by subject, the 
tit oi the 

In the next example y being tbe quotient ot j j, x Vy — Hue there car 

“ be no multiplicand for no line (of quotients) is found, nor can it be!».ou ,ht 
“out by interpositi tingquadratic equations). I locqci tun Y ( 

method and the question is solved by position ; the nunil *t u SJ H lUl 

brought out truly 21-5; afterwards is added, “I say this too mav be done b> 

** Algebra thus : 4 ’ Call (lie mint In r x, 

— oo } -.z 390 x sz 

The «m example K II H M in .-m-im. l««* • .!»« ’■*«■ y !>'• 

of whom r iie (hsr had t> dirhems, tbe second ; ul 10 th'd .< " ^ 1 ,C Y 
weui leading a,fi h. t ,q , t vo to "iu pi cc, -'-'d sok; t'< '•» «‘t 1 * • 

and to Vac It person s-um thing trmaiue 1. 'hey men wtni • 1 am thci pkue u > it 

tlw prlet of each kal was 0 ii lions; tli.y -Id " '<.. ■'< onl tlw !""l" ' " ' 

the three was Pqii.A. At what price did they buy bun 14 "J " hat nut did nuy, 
«eb, mill v.hat \u;f the rcinuii d< •. ? 

K 2 


5* .. L SJC 

7:7 " 13 


■7 
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Let the number of lea . :-', bought for ! dirhem lu* sc, and suppose the price they 
sold for to he ■ certain number. For example : Suppose 1 iO leaves sold tor 1 
ii i hem, then the hacw c f the first person were bx; let the quotient of 6x, 
divide 1 by l i».) !„• j, which is the number.of dirhems hrst had ; 6x — |]0y is the 
number'of leaves remaining Multiply by 5, :)0x — SAOy. ts their price; add 
bv.o. a result 3( a—.54yy is l be amount of the first pci sou's property. Then by 
propoitionals is found a hat thepi aluceof tdr and lOOxu ill be, i bar. ot Gx being 

y; the second person i found to have y + and the third lbw -f- . After 

%J J 

aroriving ;s above, according to the terms of the question, the amount of the 
si^oad person s prc puij is found--— unci in like manner the third 


person v . 


130Q.r — 4 J7 '1509/ 
J , 


l iom 30a* — x is found zr 0, and its augment 


. i' 1 . \*is i: **” r. an ♦ if 2‘> ‘ U i added tlut unit s number h assumed the 
HU' dion cannot be solved without the greatest diffi ulty 

Tin-: hcK.k loses wit!: some general lemarks about the attention and acuteness 

i i'C le t‘»- solving i(uc , !stioU'» like those. 


-Ui, - .r U».number: w ovkb-nUy r . wrong* O a tliould U eligible by 5 .»kJ bv til Taiin 

. uvi-tanoi 0 I* r, .iiwl ^vnu. i f • u* i . i:* • ilo ut ,t> m. <:•. «jn ; w g«.t b rz 1100 -f- <j t ana 

. oj-s j; w line e may b* ii r ', or the .u ’ijtb a ol Iio up to 770. 


tJID T fj K Jill no HOOK, 
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- ON THE INTERPOSITION (lax^y) OF MANY COLO'JRS.'' 




AnL) that relates to making the square of many colours equal to numbt'i. 
“ Its operation is thus: When two sides in the said condition aie equal, in tin 
“ manner that has been given above for the interposition ot cn„ colour, supp c 
“ a number and multiply or divide noth sides by it, and add 01 subtiai t an t m 
“ number, so that one of the two sides maybe a square. Then the othei sole 
must necessarily have a root, Icr the two sides aic equal, •’*d _ t - K il,u ' - uc i 
“(lecreafe of equal .quantities', equals result; fhfcp takt the roo l ^ 

“ ea-iest found. And if in the second there is the Mpiau ot .i 11111 
“ rtumher, suppose the square the multiplicand and ilm number the augment, 
“ and find the root bv the operation of the square which was i \eii ,o oc, ."it 
“ this certainly ' ill be numl-.r. Make the first root of colours equal m r /sc 
“ two, and know that you must equate so that the square, cr t uc cube, or the 
'* qua re of the squue, of the unknown m*\ remain. And rur the upci non ot 
the multiplication of the square. tV less root is the quantity >T tin > ot oM.hr 
square of the colour of that side wiiieh wa- worked upon ; and the greater root, 
N lie in • i . f ;1 ;i t ii.it ai.U; v.h’u b was taped to the root or tin lus* side. 1’ man 
*• flu n bi ii., ides .\"d if in rtie second side there is the unkm) 

‘ the squ. 'e of the unknown, the opt atioh of the nndtiphciuul amm.i be done 
“ Then assuming the squat of another colour perform he opt i at ion. I I'.u., 
it ibi • is the unknown with numbers Q‘ 


1 c 

(( 

t ( ; 


no ooinc out hy th*‘ tnuUipli ition * • the fjiu re, unices h\ a ' -> 
of nontlu cni iu ; v. 1 km Ihe ni'-i « l thu* I * ohtaiuuh .'qjt < 1 
“ tin C|jLitint*.ty • i h, unknown The ivsnlt of t lii^* is that yon 
11 mtoul witb 5>ii*;icUn- s S im l sagacity, niwl jiciform tin. o\n uioii 
14 of the sqifue in n w;u that 3on uu> Hhi* v iv 
observation:* uo| orth rmi At lint*. 


.im.i ;! l *c: .square 
in both ami fiml 
muit apply your 
ot mnlliphcation 
lines of genual 



OF INDETFRMIXA TE PROBLEMS. 

E.vayiple. U hat nlimber is tlutt which being’ doubled, and 6 times its square 
added to it, will be a square ? 

Let the number be a\ and let <2x + (\r* tz f. Multiply hy 84 , which is 6 mul- 
tiplied hy A, and add 4; then divide hy 4 , it is' I 2.v 4 - 3fi.r* 4 - 1 — fy 4 - ] ■ 
\/'/.'2x 4- SOV 4- 1) = 6 > 4 - 1 . As the root, of the oilier aide 6 / 4 - t cannot be 
'•‘.":d. perform the operation of the multiplication of the square. Suppose the 

kss 1T ' oV ' or ^= 2 ; then %* + l-y; 5 = C.c 4 - ]. , r = 2 . By the rule of 

J w 

c :o ,8 nil triplication for new values rj zz <z x 10 4 - <2 X to — 40 and 6x + 1 = '.y, 
whence >r = 8. 

lh ne.v. i,: What numbers are those two, the square of the sum of which, 
and the cube of ;heii sum, is equal to twice the sum of tlieii cubes? 

Lot the fust number he r - y; and the second 4 ?/, their sum will he o Xi 
Hum 4.r‘ 4- = 8 ((* - pV + (r + >/)’) = U + V2x/; Ax + Ax" zz is/; 

r P + 1 S 1 .V 4- 1 ; "hence £* -p i = ✓(l«v P I). Ihen hy the mul- 
of 'he square, making the less tom, 7 j s the rreatt,. o* + ! - 7 , 
*7?’ y~~ : r ~ ■ — h —5. % cross m jltipli, ati m uc .. values may he found! 
liwucxt is: W hat number is that which, when the square of its fm.aiv is 

inutt hy a. and 100 units its square subtracted from the product, the re¬ 
ntal ndt lisa quire r 


hft ihv mm.her be .7, ami let lou.i* 


•»/*; 5.1-* — 100 


.V* 

e‘ ~ 


Sup 


pose lu the kvs roof, then 5 X l'» — 100 ;.: 400 = SO*; whence ,j ~ MO and 
,ir> ' Ull «' ' n,: Hu m- two • .!, in, who,, difference is a suuUrc 

W'l til' .Mil whose Mjllilf/S 1U ?| (Ui!m; ? 1 } 

Let the two numbers be j- amity; let y - .r zz then a' try -my. + 
ami as e‘ 4 - y* *™ let «y - + *• -- '] ben Cl/* - 

r; tf/.-j’r.r ;**; •“*' v-e,., w 

■ , . „ \ . v ^’ ia ~ N ‘»w hy the- mul,.plication of tin- square 

. ' 1 - ’ “ 'I" root. Thru 

'• if - 

11 1 ' O' ■' «n<l.» "III III Ion ..I u. aliovr. 

.. V " 'I" 1 '- " '■ . .. ' «rr fliiml «...l iho r.„„ „f 

iwd..* II W oUlfr .id, IW lour .,,,,1 i„ „, Bkc 

. " W* “*"" •S”" « f »»*• •' loo■ .hot ,, ... J lA kl 


mtsTQr 
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“ ' ts s( l U:lre '«• to that of y, ami if// b its square, make it equal to the square of..-. 
ar.fi multiply or divide both side* by a number, and add or subtract somethin" 
v> that the root of the side may be found. Hers then I have found two root*; 
■me die first, which is the root of the first of the first two sides: and ti . 
second, the root ol the first of the second two sides, which is not equal to that 
i .-ot. Perform the operation of the mult iplication of the square with that other 
side whose root is not found. Let the less root be equal to the lb t roe, and 
>hc greater root he equal to the second root, and the quantity of tliC'C coj, 

“ will he found!” 


hrtrrplc. A person gave to a poor man in one day three units, and gave even 
day with an increase of two. One day the poor man counted all the nirno , 
and asked an accountant when he should receive three times'the sum, at the rare 
]>aio. Let the number of days passed when he counted lib money be r, and <b. 

ot days when the sum would be try,, d ,/. first find the amount received 
in the tune thus: “ By a rule in the Lilavati.” (,r — 1) X <: -f- 3 r: <:r -f 1 - 

the gift ol the last day ; —--—■— — = .v H- 2 the gilt of the middle d.,y. 

Multiply this by the number of days, r* + 2,r is the sum. fa like na liner the 
sum for the time i/ is y -f- Cy, which by the question is ~ s.v l -f 6a ; m kencc 
1 i) ~ 9y* -I ('i/ -p 9, amt :5.r -j- ;{ s/+ 6j/ q- o'). Let .h/ 1 q- 
6-,/ + 9 = **, then will be found r>j/ + 3 ~ \/(3:‘ 18). By tlu multiplication 

ofJJtt sq U iu . making p the less ,o< t, .]* i V, therefore Jj ,-- <.< .,,id 

y — * an< l because 3e‘ -|- Ot/ + <J — ~ 81, anti J.r I- .; — o , t ~ Thus 

on ue tost day, he got ;i, and the second 5, and ;!■•• sum is 8; and on the rurth 
"• "'f ''his 1 , is three tinr •• ■]. In like manner, by mikin'’ - ih,- ‘ • -,>ot 

3J, the greater to - \ ,11 he 57, <u»d y = JS urtd a = It), and othu val. ss i ..y be 
'Hind In a^uming- oilier numbers for the less root. 

Kj lr f \» hicli is ho unit iti tl i hat I do i.oi 1. mow how ' i> ti;inslatc 
jud^c, its niraning* aimn 


Then follows 
it. As tiif 1 on 

d icji ni in i; ; I v m iuj 
.1 win in* rr nj ;nd £ r: />♦/, 
of the intro hicfiou 
Rriuimd* ,/ uid 


k if 

Vlll' l ,i • \\ ht i| 

u It llrti 7r % 


n a- 
81 /* 


to i»c rl 

i»» : 

If flu* 1 

4- i 

ijr ■ 

C A the 

Hill )l tlin 

i ar' 


o~ 


und 1 lien 

Lveu at i 

lilt* < 
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1 cl y ci 

- □, 

nil 
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m-' i.v determinate problems. 


' ' ' J>/ 18 supposed •=! The operation of multiplication of the square is 

*’ ' llc £{l U > '•'* P* rfo » lrts >< 7S being the n.ultipl and 8 ,/ the augment: “ i 

' thc lcs> rn,>l > nnd Dudtijdy it-, squaw- which i, four by 7 tin. multi- 

“plicatul;- it is 58 * add 8 , the squire is bd; 6 then fe found the greater root $ 
" la rl ' ,s t:,( ‘ quantity of blue, and •; black the quantity of the unknown ’ 
J lui-: . is found =%a:ula* = ‘Jy. Tin. second condition is 7 .r‘ - 8^+1 - n 

! v ^dniitutiiig o y foi r; •>;./* _ Hl/ + 1? or 2i ,y 4 1 — □ ~ tr. Now 

,1V ti "-‘ °Pt'ia t ion of multiplication of tl - square, supposing the less root -,..<1 

f * 2 *+‘ ==81 = w ' ; Wli ' ncc > - hertfore zs. 4 and y ~ 8 , Supposing SG 

the let > root, .r vdl be =: 72 aud y zz SO. 

^ i! du ' ' Example ... and y are required such that .r* 4 . y' — q an( j 
+ „• - □ • The multiplicand being a square let the augment he divided by y , 

i hen by a iule of the iih chapter of tin introduction &-SJ! — t ■" + }/ 

2 ~ • r ^— 

then //» + - o iP . Multiply by J am! a hi I, 4«‘ + to+ ) =S ;,-‘ 4 1 

'• ‘ ,,ot '* lh,; r,,s1 ‘“ lc 1,1 lhe ‘••‘•“aden n. Qy + ). F,-.d the root ot the sm 0 ,u| 

H ‘ l • h > tW o|>er.'Hion Ot multiplication of the sqtm c, supposing 6 the less , „• 
K' Vi, he the greater; now 2 y 4 1 = 1 7; tt henec^ i 8 and a-= 2S 
^ ic iA '! uiul a are i'j tr r/, and j ]70 ~ a*. 

, •' ^ ■' - ! ‘ i " duertiAli is given. Suppose- one of the 

T ' : ; " UllT 7 '•* ‘ tl,C " l "» 5- 9- • which il the sijii.ne nfr The 

- ;n AC ot the hint added to tlv . ubc of ihe sc. oml, i s.d 4 , p t thn.lm - m 

' ’y - ’ ■ " ll 1 V + O- I'- '.. tlie opt ration ul multi,.ll.aiion 

= '81 Ss 9 . j'l , r01 ;„ 

~~ ~> and the lust number »«’ ht-h, and t.!te second ~,.t is«s ■ „d sunn • 

at ar a 7, .,d tV iC mXTdi 

• e :«h ;mrl t *. woimI :A WJU 

JinU ‘ “ Ifa 8 '» l,ar<: ,s c< V nl t t',c root of which c-rnot be founds and in 


" ‘ ■ /'* 'IV "'K '' I- Bss.-j, Uicn 


+ » 


-S: y ; .Hid 


; H (ft h* % m omi orvit, 

,,i| ... rm ^ t- dAMvy +r> . a .. . by llMkj . 

~i v • - ) f • . ( r 

** %n! . Hit ro» i * a . 


Vi (/ : 


«Tr >•, i (, r,. rc , av 
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“ which there are two scjuki*. •, • f two c olours, and the rectangle ot those tv o 
“ colours; take the root of one square, ;.ud had from the second squai .* a >'oor, so 
“ that front the two squares that rectangle may be thrown out. 

“ For example: In the second side is square ot unknown, and 36 squau ol 
“ black, and 36' rectangle of unknown and black. Take the re at ot S'> squaia 
“ uuknp\vj), 6 unknown ; and from Sl> square of blue k, take the r'ooj. of ;t Square 
“ of black, 3 black. When we take twice the rectangle of these two roots, the 
“ rectangle wliicb is also 36 will be thrown out ; aucl from the squates M l uarc 
“ of black will remain, D’n ide whatever remains by the eo our, ot ahich bi. 

“ the square; and from the number of the colour of the q.iorient, having a , 

‘• traded one, halve the remainder, make what is obtained equal to that mot 
t{ which lias been found, \fter dividing the second by the first, the quanihv 
“ the iirst colour will he obtained.” 

In the next example x and j/ arc required such that j * + if -h X J/ r: nmi 

y%r 4 + it' +’ *y) X(a +y) + l n. The lirstequatidn being i.,ultii>lu d by 

“ 36 gives 36v l + 36 jy + 3*Uy z 3(k\ The root of one square and part of the 
“second square, the reclangic having been thrown out, ate lound c iv.kuow n, uuJ 

3 black: there remains 27 square ol’ black/' Then applying the rub- d' 


5iJ OJ jW* % 5tf -i; 

lound rr. whence a* =z , and .r + y x + d'\f ~ + y + 4 l J — “ 

j y y J 

= (--).» nu d v/ (r 1 +j/d-^OXe’+.v)+ l -/( 1 y +.'/) + 1 - 5 “ ,ake 

this then 5(u / -j-yu'*. 1‘lu’u root ol £)tc is 3;r and l>y the opera '»n 

ol mullipl'n atiou of the -square, making 6 the less root, 13 will be tlio ,;ri atcr 1 -ot. 
For ' X :ti/ H j) qoq.s — 4 ..’ • tlu refure y ex 6 ami < -a 10; or nuking '30 
t^u lcSs loot, y -JZ 180 and ■ xx: Out). 

The nc&t question is. Tb quircd .#• and ?/such that - -,v “ ~ |Tp |,H ' ‘ r " 
= U, am. .1 ' 7), and .< — y •! • SJ = U. and a — >/‘ + s -•* ,J ■ (l 


9£ 

9 


1 /•' 


,:t_ >y 


4 - s/u* + V % ) + CV 4 - y + 3 ) 4 - s/ ,»■ - y + t- ' fs ' 


— u. It 1* pluj,, tint and 8 will answei tko above e> mlil J’ass then. 

and lind two others { t is required to find them by me., os < • uue \»nk. 

quantity only, bn 1 >*. th- liist numherp' - 1, 

_ Uj -a 1 ) x !> 4- -jy. _ Vq i u f- 3/J 


uul till set OlidT'ht’.i 


£1 


•xx V 


And f 11 ; 


t. 
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2 /r 4- i f 4 p 1 — /> + + 2p*+ 1 ~ C/> + l) 2 * And y -f y + 2 r (/)* - l) + 2/>q-2 
— P* + 2 // + 1 = (/> + l)*. And a* — y l + 2 zz(p — l)\ And ,v % — r/* + 8 — 
2 // +1 —4^*+8=/» v — 6 /»*+ 9 =(/>*—3)*: and the sum of the roots is equal to 
p + (j>'~ +11 + (/>+ 0 + (£— I) + (/>*—3) =: 23 )'- q- 3/> — 2 . As the root of 
this cannot he found, make it equal to 9 ‘: then 2 />* + 3 // — 9 * q- 2 . Multiply 
hv 3 and add 9 ; 16/A 4- 24j> + .9 = 89 " + 2 A Find the loot of the first side 
4 2Ap + 9 ) — 4 p 4 3. Tor the root of the second side perform the 
operal:..in of multiplication of tlx-square. Suppose the le»s root 5, the greater 
root will be 1.0 ; for 8X -23 + 25 =r 225 = 15*. .Make the root of this equal to 
that of do first side 4/> + 3 = 15, whence p~3. In this case .r = 8 and y = 6; 

m: ’ :i,e; tli • !c-s root 30, the greater will be 8.5; p will then he 4^ and x — 

2 4 

: nd // 1 - -,l ; or making the less root 175 , the greater will be 495, p — j-j:3 
.r tz: 1 .12 fi and y — 2 GG. Or x may be supposed — p* q- <2p, and 1 / — 2 . Or 
r -- p: — v/>, a I d y = 2p — 2. Or .v = // + 4 p + 3, and y — Qp q_ j.. And 
the ; nr: im, i requited may he brought out in an infinite number of wavs besides 
the above. 

Ib-ro follow.*- an •!. -nation, that in /calculation, conectness is the chief point ; 
tiiat a v .-e aim c ivddcr.atc person will easily remove the veil from the object; but 
that where the help. ..1 acuteness is wanting, a very . ication is necessary. 

‘ And <>iL i.vbcn tin it i. sac's a question as tlm : What two numbers me those, 
“ • lie rcnce of which, or the sum or difference of tire squares of 

“ "hit 1), being increased or lessened by a certain number, called the augment, 
“ VV ’H be a square, ll e.vampl s ol dfu sort arc required to be solved by one 
" cilrair f my, its-, .sot evei\ uppo .itinu that will solve; them; hut first suppose 
“ tl. root of tire d; fit-fence of the tiro number* one unknown, and another 
number nit 11 it either affirmative or negative. l)ivide the augment of the 
dill'ni n<:«- of tin. two square-., by the augment of the sum of the numbers, and 
add tli root of tlu quotient to the root of the supposed difference nbovetnen- 
ti'.ni ' , it will lx: tlie root of the tw ' numbers. Take then every one, the 
• of ti,.- root \A lie' dific-rcnce of b number.,, am! flu square of,’the root 
“ l, )(- 'Uii of Inc numbers, and write them separately. Afterwards, hv the way 

hi iippo-.ition mid and robtract, tlie augment f ihe diJfucntc, and the sum t ,f 
tlx '"o nu ubei, idoremcn.mned, as is in .lie example', to and from thesquares of 
■■ ' ■ '.on, 1 be • m'-,c 1 v - lue •. a-ed .,r d'liuni'lied '] ,,, • jv*v 1 1 r 

" the aiklitn 11 and fjd'Maet'on ..,11 be known, and from that the two numbers 
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OI- INpETERMINATE PROBLEMS, 

“ nia y be found iu tins manner, viz. by the rule (£ + V) ± U - V) _ aml 
u (.r + y) — (.r— y) 


= y- 


The next is to find x and y such that x +-*y -]- 3 = Q, and .?• — y + 3 □ 

and .r 1 + — 4 - D , and a ' 1 - / + 12 = □, and a 2L + y - g 1 , and the 

nun or the roots + 2 ~ Q. Exclude 6 and 7 . which it is plain will answer. 
v/ ( 1 ' — .V) >s supposed — p — 1, then x is made equal to p l — 2 and y — 2 /;, 
wherefore x + y + 3 = (//-?) + 2/> + 3 = (/> + ])», and a - ?/ 4- 3 = (//-_ > 
-2/>+3= (/.»-!)*, and ,e l +j/*-4= (/>♦—4/>*+4) + 4/>*-4 = :/•>, and.i‘-„ 1 + 


12 = (/> + —4p 1 +4) —^+12 = (//-4)N and ^ +y = + y t=Fi and 


the sum of the roots 4-2 - (/>+ 1 ) + (/>_ 1 ) 4 -^+ 4 ) +/>+C=C/»»+3/i—c - 

make this = q x • 2 // + 3 / 1—2 =</*. and f>/> + 3 /;=</ a + 2 . Multiply by 8 and ml c, 
1 *'P t +24/)+y = 8y*4-25. The root of the lirst. side is i/>+3- Find the root <,f 
tne second side by the operation of multiplication of the square; mating the 
less root 175, the greater root will be 493. Therefore 4 /)+ 3 = 4 i.'J, and/>= i*. 3 , 
and ,r = l,M27, andy= 24 fv. 

Ihe next is : Required x and y such that x'~ // a + I =□, and r* +>/*+ 1 — □. 
bet. x 1 and y z =4/j’, ■t‘-y+ .1 r// aiui *’+j / 1 +1 = (3/>)\ T!ie root of 

, 1 tnd the loot ot 5p l —1 by the operation, ot multiplication of (he 

M|uare. Supposing the less mot ], the greater will be 2. Supposing ]~ tl less 
I'M, the greater ■„ ill be .jh. Or if + y* - 1 - D . ami * .1 „ .1 , , a, 
a — :,t> + 1 and y 4,v* j and so on as in the first east*. 


u h i;, f t!. r.Mt it one side i> found, and on the s-vond sir 1 • the', ;• 

•( iwloui, v.bother with or without a number, equate that side with the m., n\ 
t 1,1 h<; colour whwli 1 alter it ami mu unit. And biing out the quunliix of 
„ 1 “■ 1 °*" UI ’ tbe "ei I'm) side which is lirst in the equation ; and bring ou* 

13 s quired in ihe proper maimer/’ 


v\ Hat 


• ' uUttpfq. 

&*' + 1 := 


* “ ""d and V sueli that J.r + l.~a, ami 5 e + I » a. I.et 
j • *• 'll r ... 3:‘ +■ i, h- + Vn) + 1 r- „•> . \\ t . a. .• 

T V ' “ "" 1 : iiUlll 'l ,1 .V In Id and da !2.j ; ,?* + laOc + 23 !'/>.< + ut 

11 ‘hstsiaj is ). •. 4 . Find the loot ol ihe ce aid side 1*. tl . 

E ? 
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( ; ion of multiplication of the square ; making the less root 9, the greater will 
be J 5; 13- + 5 zz 35 ; therefore z zz 2 ami J ~ 16. By another way: Let 

t . — i— . — ; multiply by 5 and add 1, ^ make this ~ av : ; 5z 7 zz 3u: x +2. 

Multiph. by .• ; 1 :r Y5w z + 10; j^he root of the first side is jr. Lind the 
the m A of die second as before, making ibe less root 9, the greater will be So ; 
w hence ; and j\ In tiie above example other values of .r are mentioned besides 
those which I have taken notice of. 

The next o.y.nnple is: Required a such that oJ' + l zz J^,*and C(jV + 

y x ^ i 

•r ~ Q; Lei 3.r-i-1 zzy ; then 3.i* zr if — 1, and u- r ~—; multiply hi* 

by 3 and add 1, the result is j/% the cube cube root of which is y. Let -f I 
-" - ; n <’ mg the* lens root 4, the greater will be 7, whence .i n 2). 

The next is: To find x and j su( 1 that 2( r— if) 4-8 fc Q, i’ufl //) — Q. 

'• Knov rh.i in bringing out what 5s required, yon must sometimes suppose the 
,f col>n. in 4 hai- number which the* question involves, ami sometimes begin fiom 
f ' the middle, and sometimes from the cud, whichever is easiest. Ilcrc then 
u suppose the difference of the squares unknown/’ &e. 

— 3 

Let p • make 2p + 3zz<f ; then — zr.p; multiply this by 3, and add 3, 

3// 1 — 3 

it is-y;—; lei thi-> bi: r r 4 ; therefore Sy 1 *—3 zz 2r 2 , multiply by 3 and 

•ra'isp. > • : "-.C?'* r!>: tin root n*f the first side L 3y. I iiul thai of the second 

"ide Ly tlv* operation of nuiltiplicnticu of the square*. Making the* jc>s root 6, the 
g:rater will be J.,. Or making {lie less 60, the greater will be 147. If Sqzz\5, 
; if 3f/v; 147, (jzz ty. 1 i the iir.t case pzz 1 1, and in the second p zz J l <;<.). 

i* .— //* 11 

Suppose v — y zz 1, a* — f being ::: 11, ~~~~ = a + V - ~ — ] 1 ; and ,r+ y 

iml nr — tj being given, ? and ?/mav be found. Fn the lirst case .i ~ band yzz5. 
In the second i zz 600 and y — ^99* 

J} rii '* If the .square of a colour is divided by a number and the quotient is 
‘ *» colour, if after th<; rerlaction Of tbr equation its tool is not found, make it 
H equal to the square of a colour, that the quantity of the black may come 
14 out" 
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The next example which concludes this book is: Required sueh that 

— y } then ,i 3 == 7y + 4 : the root of the lirst 


x — 

— a whole number. Make —. 

,'ido is .v; that of the second side cannot be found, “ Then by the above rule * 
let 7~ + 2 ~ y/(7y -i- -1); + fit?: + 4 = 7jr + 4 i whence 7 -1- 4= - *f. 

“ As tln'(|u Mitily the of bind; is 7 square of the hint, ami 4 blues anil as 7 'one -out 
“ S units were supposed equal to a root which is equal to the unknown, I make 
it equal to Ike unknown. This same is the quantity of the unknown. I >«> 
“pose the quantity of the blue a certain number.’ Ac. As 7--i - x It--' 1 
.vrC. If — !, ,f=o. If z—%, ,v— 1<>. Other values of x may be found in the 

same manner. , 

•• After* equating that the two sides may conic out, multiply the first sule ny 
“ a number ami take its root, and keeping the second side as it was, multiply the 
“ number of the second side by the number which the lirst was multiplied o\, 
“ and make it equal to the square of a colour. '’ 

Example. What number is that whose square being multiplied bv 5 , and : 

5£ ± ii 

added, and divided by lb, nothing remains ? l.et the number be ,r. bet ]( r 

— « a whole number; then 5.1* ~ ltby ~ 3, 01 “ X .’> —.S5.r*> y (- ’’') — 

. . , . , , S ' 4- 1 _ .. 

Then there aecim to he assumed ;>X5ri; c —I, and afterwards tunn . 
the question is prepared for solution. 

The next rule is: If tin c ube of a colour is divided by a munbtJ. arm ' lh - 

4< quotient is a colour, make* it equal to the cube of a colour. i he way to Imd 
<c that, is this: Yssuinc the cube of a number and divide it by the d v m if k 
: t should be no remainder ; and add flu number with it again ud again to tbi 
“ divisor, or subtract it from it; or let the cube be a cube of a mitnhei, whi> b 
*• join with it; or again mullIply that number bj the lived number d. and the 
t{ result multiply into tile quotient, and divide it by ibe dividend ; aUo thuc 


* in N|r. Burn ;v’» copy the fourth i. MU k eml* v.ilb two rnl«o nud Ux t IPJ*- wWdi, lJ 1 <•*“’ m * ko 

ll'.nm out, pn; abojre,. 








°° OF INDETERMINATE problems. 

“ v ! u hc n ° remainder. If a number can be found with these conditions equate 
“ w»th its cube,” . ' 1 

Example. V hat number is chat, from whose 'cube 6 being taken and the re¬ 
mainder divided by 5 nothing remains ? Let the number be a- and - - ~ g — y 

a whole number. Hence = sy + 6. Then the cube root of this wliidi is =* 
is assumed _ 5.s -f- 1, and y is found zz 25;:’ -f- \5z + 3z _ 1 . 


END OF THE FOURTH BOOK. 
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BOOK 5. 


“ ON THE EQUATION OF RECTANGLES.” 


AnD that relates to the method of solving questions which involve the 
“ rectangles of colours. Know that when the question is oi one number multi- 
a plied by another, it the two numbers arc supposed colours, it necessarily coine., 
“ under rectangle of colours. The solution of that being very indicate ami 
u exceedingly difficult, if one number is required suppose it unknown ; ami it 
“ two or three, suppose one unknown and the others certain uumbers such t at 
° when they arc multiplied together according to the question, no colour will he 
“ obtuim <1 except tin unknown, and it will not come under recUitigle of colours. 
“ And besides multiplication, if ilie increase or diminution of a number is re* 
u quired, perform the operation according to the question, then ii will be exactly 
“ a question of the same sort as those in the first hook, which treats -•) the 
u equality of unknown and number. l>y the rules which were given there, M bit 
“ is required will he found/' 

The first question is to find A' and y such that 4*r + + - — Ay. Supposing 

V = S then ut + 17 = 3xy wherefore a -- 17 ami y zz 5. Supposing v — b, 

then r rr. 10. In like manner any number whatever being put for y the value oi 
x \v ill he found. 

The next is to find re a\ y, : such that (a f .r+y+. %) f > ~ hiyz. Stippicv- 
the fust W, the second 5, the third 4, and the fourth 2 ; then GtU*+3W0i= 40n;, 
and a r ~ ii. Other values oi a , a\ y, arc taken notice of. 

1 be next is to find a and »; in integers such that \/{ i + y ■+• ? 7 T* f .V‘) *h 

a T — . i, or .‘jj In the first ease , .suppose the first number v, and the 

second S, then \Z(U -* * 4 + fi) ; .v + o r CJ, and </(.v' + 3.r q~ V) ~o}-~ *v 

and a + 3,r 4- 6 :zs, a 1 1 *— \ 411 . whence a will be found ~ .r, this not 

being an integer, let the opcoatmn !>r repeated. Suppose y 


$ theu .r sv til be 
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1,,UIKl ~ - I ; U,,s t,)0 bc ‘“o a fraction, sujiposcj >j - 5 ; then x will he = 7. In 

•' n f mhcr h H for y> and * fractional value of.r is found! 

M f ,5 the second number n, the qua. airy of the unknown will 

,oriFtl ->nd number is supposed 17, tlte ^um- 

U , y t ° f thc u ; ,known be 11 5 * n<t *»*"> is supposed a Colour and the other ? 

: "‘"I " - * probilblc t,Klt th<J win he brought out a fraction; 

, 1 h '' 1L ' ni, ' nber rc ' l Ui; ' : - *« he found by much search, And if 

‘'"V" .?T <: " l0UrS ' aud tl,c ‘lucstio-rt solved - v this rule, a whole 
numhei will easily he found,” v 


ic 

“ both 


\ i s ' 1,cs arc the method of equating them is thus * 

subtract tlic rectangle of ot\e side t, m the other side, a, that what^ 

j. ■ l . u on t .« second sub- is to be subtracted from the lirst; then let both sides 

K v , rc f 1in « U ' * ^ "Wc where there are colours let those 

colour, be mult,phed together. And let a nu.um-r be supposed, and let the 

—•hers vlueli are on that side be added to it • and let the result In- divided 
>v the sujJpofteil mimbt/r; and let the qdbtic* and tn, number of the dr 
• ;c P .m, ; cU "'cease,I or lessened by the number of the cSours which were 

-it nmltiplicatwn, whiehev ■ possible. Whet 

, ; J ' ^ “ V 1l,m * f 11 ht - ‘i«* quantity of the black ; aud wherever tiie 

black ts added or subtracted there will he the quantity ot the unknown. Ami 

!" n ; alU 7 ll ; c 7 iS an0thcr ,u,,MbL1 > ; ‘"‘ l V***h addition and subtraction 
lit JJO&SI -le, Ic both be done, aud two different numbers will be found, Also 

h : " colours f. greater, and cannot be subtracted, subtract the 

quotient ari l the number of the divisor Horn tlu colour if possible, v. hat was 
require,, wilt be obtained.” 


,■ UHI, «,« required -ucl, tlm 4 , + +C = ,a by 


.. * .. . " ... Ti " <**# — - .. to «+w+.to„ .+ 

'_ -I’ll I I .I / I « , 


^ .. . ... zz 


■ >>- v --’v + •'■=(« ami III I it ll . a= ?*+« Tl „., v 


lore i 


p, an.. V - <1+ ...... M»r« may bn luut by r-.solviim •<* + <■ into il m-a-nt factor. 


:/- + 


<SL 
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4, and add 2 to the product 3 X 1 4-<2 = 14. Suppose 1 . Divide 14 by 1 . Add 4 


to the number 1 , and add 3 to the quotient.44 -1 —5—y y and 3 -f -j~ — 17 — x. 

Or 4 4- — = IS — y, and 3 4 - 1 = 4x. “ And no other case is possible.'’ Di¬ 
viding bv 2, the quotient m ill be ? ; }) — 11 and x — 5. And by another 
method y will be found — 6 and x — 10 

To find x and y so that lOx 4 - 14 y — 53 = 2 try. After reducing the equatir. u 
to 5.v -J-. 7 y — fiy ~ ,cy. By the rule above given, assume divisors ot 3x7— -9 • 
1 being the divisor, (>' is tbe quotient. 

5 4-1— G — y and 7 + 6=13 — .r, 

or 5 + 6 = J 1 = y 74 - 1 = 8 = x, 

or 5 — 1 — 4 ~ y 7 — I — G = jc, 

~ being the divisor, 3 is the quotient. 

y - 8 ,„ y - 7, $ = 3, 

X zr <), x .rtlO, x — 4; 

■‘.ml no others are possible. 3 being the divisor 2 is the quotient, and the quan¬ 
tities are as above. It is added ths these tv. o examples may be proved In 
geometrical figuics as. well as numbers. 


* j'i Mr Burrow's ■ opr there another csMiipie which is wanting in mac. It is ..9 a' ovc. 


THE EKH. 
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X HI RE pi..', together all I have been able to make out of Mr. Davis’s notes of 
the !3ija Gunlta. 'Vhat I have extracted literally is marked by inverted commas; 
he rest is either abstract, or my own remarks or explanations. I have preserved 
the divisions of the Persian translation for the convenience of arrangement and for 
easy reference. Mr. Davis’s letter to me, authenticating these notes, is annexed. 


Chapter 1st of Introduction. 


The manner in which the negative sign is expressed, is illustrated in the notes 
by the addition aid subtraction of simple quantities, thus: Addition—When 


“ both allirmaiive or both negative, ,\c. 
“ is the sum. 

3.3 3 

4 4 4 

* « 

7 7 l 

l/ Subtraction. 

3 j 3 

*2 2 2 


When contrary signs, the difference 
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“ Multiplication. 

“ When both are affirmative or both negative the product is affirmative. 

2 X 3 = 6, *$$3 = 6, 2x3=6, 2 X 5-6. 

“Why is the product of two affirmative or two negative quantities always 
“affirmative? The first is evident. With regard to the second it may be ex¬ 
plained thus: Whether one quantity be multiplied by the other entire, or in 
c " parts, the product will always be the same, thus: 

“ 1S5 X 12 = 1G:0 

“ 135 X 8 r. *030 
“ 135 X * - 510 

1620 

“Then, let )35 be X by 4, but 12—4=16 and 1 : 35 x 4 = 540; 135 X 10 
=Sl60, and 540 + 2160 =: 2700, which is absurd : but 540 + 2160 = 1620." 

Mr. Davis remarks to me that there arc here evidently some err rs and some 
omissions, and In thinks tn :t the meaning of the last part ol the passage must 
have been to this effect: 12 may be composed of id added to i. Let 135 be 
multiplied by lg, so composed 

135 X U) = 2160 135 X lfi = 2160 

135 X 4 = 51() 15 X 4 = 540 

135 x"7g - 0700 This is absurd : but 135 X IS = 1620 which is 

right. Thus too 4 may be taken as formcA by 12 ■+■ 16 = 4, and it 

135 X 16 = 2160 135 X 16 = 2160 

1 5 X 12 ~ 1620 155 X >2 - l' 1 -’ 0 

133 X 4 - 37SO which is absurd: lot x 4 = >40 which is right. 

Perhaps something like the following might have been intended . 

-+1S5X — l*~K>20« iihi r+6r— * !3o X — Si _ |6iOiivher-H>i- now 1-12= 

T ’-l:«X-r-4S 

— 8;and 8—12 = Acre fore tlu; sum of _ * j, 2 )y m ^ ^ ^ 1 ^ ~ 

* 2 
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— 135 X (4 —12) — — 540+ or — 1620 
-135 X (8-12)=—1080+ or— 1620 

product -1630 —3240 = -4860 if-X - gives - ; but 

— IC20-f- 3240= + 1620 if — X — gives +; therefore — 135 X — 12 = +1620. 


■*» *<«« »»»»»> 


Chapter 3. 

Oir QUANTITIES UNKNOWN, BUT EXPRESSED BY LETTERS.'* 




<t 

it 

i< 

it 

it 

u 


6 * Jabut tabut . 1st . . 3jy 

“ Kalu!;.2d . . 

1 Necluk. 3 d . r 

^ cet ..4th . 

“ Lohcet.5 th • 

&c. 

“ Commentary adds Ilurretaka . . . l 
“ Chitraka .... 2 
&c. 

1 hese are styled abekt <u unknown. 

' These may be added to themselves, subtracted, &c. hut cannot Le added 
u., fcc. known .juantiiics in the manner explained, or to unlike quantities of 

k,U J ' 1 “ <: M l ,arc ol ’2TT cannot lx: added to hut the addition may be 
expressed thus ^1 add to ^ • the reason is, because to add 5 signs 

wc , ca,u "'; w >' 6 “‘Wed »o 2 is equal to seven, for this would he 
‘ . w •’ * • "l lea die unknown quantity» 

d 1 '»*y ' <■ added ■ u ,1 e known, i, ,, one simple quantity. ' 









NOTES. 


9 $ 


M 


“ The unknown quantities are usually written first, and the highest powers of 

(( them before the lower., 

“ 2J7 ^T2 | 3TT3 ( 3. This is <2** + 3r + 3. 

Also 

“ The multiplication of unknown quantities. 

“To multiply q -j <2 | into C | we have 
^TT by ^ gives its square or 3(7 qr, and this multiplied by gives ^ &<’. 


Also this example of multiplication. 


“ *TT 3 

3 TT 5 


3 T q-i 5 

5 TT 3 

“ #2 

• 

3 TTo 


2 JT 10 

_ 


| 2JT7 | p* 

which is the product of (or — 1) X (Sr + 2). 




Chapter 4. 

u OK TUB CARN1 Oil SI 1!0 Q' ANTl'llKS." 


Example of two numbers, 2 and 8. 

“ '* + 8 t 10, the mahti carni. 

“ 2 X h ~ 16": its root is 4, and 4 X 2 “ 8 the laghoo carni 
“ T he main i cm-ni .... 10 
“ Eaglloo carni added . . 8 

18, the sum of these carnis. This IS is the squu. .! ol 
“ the sum of their roots.” ’ 









VIQNV 4° 





SI 






N O YES. 



And there h aoother example with the numbers 4 and 9, and the following 

2 2 

theorem, “ 2)3(4, its root is 2, + 1 — l 


3 1 

“3X3-9 9X2-18 sum. 

“ l X I = l l X 2 = 2 difference.** 

Also t: is : “ 1 lie carni 18 is found ; iti> root is the sum of the root., of the two 
i giveu number,; but if there be two roots there must be two squares, the 
' diLeicru e is the square of the dilferenee between these squares.” 

And the toilmviug examples in multiplication : “ To multiply the square roots 
8, and 3, by the square root oi 3 and the integral number 5. 

I 1 * c c e aie vrn! >, there foie take the square of the sum of the square roots of 2 

and 8, and multiply by the square of 5. 

“ bquaic of sun of square roots of u and 8 is 18. * 

18 I 26, 3 | 430, 34 j 

3 [ 23, 3 ) 2 ' _9 j ro ot of 9 is 3 roop. 

Sqrs. Sqrs. Squ. 

430 54 75 — roop 3. 


“ Example second. 


u Multipliers 


Poop. Carni. C ui. 

5, 3, 12. 


o 

it 3 f 


27 


25, 3 

>5:5, 75 

25, 3 

675, Si 




J25* roop 
9 roop 


£5 roop 675 

0 roop 75 

16 300 


"Tlic product therefore is l’C roop, 300 carni.” 

Tin: square of’ a negative quantity being made negative is here taken notice of 
as in -he Persian Translation: In division the following rule is ini", tinned. 

1 lie carni divi or : reverse ol each term, its sign, and multiply both divisor 
“ and di vidend. ” 

C. mi which here means surd, meaiv. also the hypoth nuse oi" a iigjifru»nglcd 
triangle. 
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Chapter 5. 



V 1 





“ WHAT is that number by which when 221 is multiplied and 65 added to the 
« product, and that product divided by 195, nothing will remain. 

“ The dividend bhady, divisor Aw or bAujuk, the number added or subtracted 
“ is called chepuk. The bhady is here 221, 'he bhujuk 195; Avlien divided the 
« quotient is 1, this is disregarded ; the seke or remainder is 26, by which 195 
“ divided the quotient is 7 disregarded, the remainder is 15, hv which divide 
“221, the quotient is 17 , the remainder is 0. The quotient 17 is the true or 
“ dirl-bhady . 

“ Then i95 divided by 13, the quotient is 15 ; the remainder 0. This quotient 
“ is named dirt-bhujuk. 

“ Thou divide t>5 by 13, the quotient iso ; the remainder 0 ; tne quotient is 

the dirl-chtptik. 

“ They are now reduced to the smallest numbers. 

“17 dirl-bhady. 

“15 dirl-bhujuk. 

“ 5 dirl chepuk. 

The quotients are found and amnged as, ill the rule with 5 ami 0 below, 

“ 1 

thus: 7 


5 

0 this i-> called bailee; the cipher is called unlc or the latter ; the next (5) 
il i* called ups’Ue,:. Multiply this by its next number (7) an ! add the next below 
“ 5, this being <>, the product will be 35. Multiply this by tiic uppermost number 
“ (1) and add the next below (5) the amount is 40.’’ 


J 
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Then 40 aiul 35 are cl reeted to be divided bv the dirl-bhady and bhujuk. 
17) 40 (2 
34 


6 this is called label. 
15) 35 (2 
SO 



22i X 5 4- 65 
lyj 


= 6 , 


5 this is called goontik, and it is the number sought, 
and directions are given for finding new values of .rand y, 


(supposing — - ~ - C = y) by adding a (in its reduced state) and its multiples to 

the value of y ; and h and its multiples to the value of x. 

The neat question in the not. s is also the same as that in the Persian. 

“ JBhady 100, bhujuk 6'3, and cliepuk 90. 


« OPERATION. 

“ Tlit-v numbcis cannot be all reduced to lower proportionals. 

100 divided by 63, tlm quotient is i, the remainder 37; by this remainder 
“ ;livit,e 63 > lh '- ^ 1, the remainder is 20 ; by this divide 37, the quotient 

“is i, the remainder II. Divide again; quotient 2, remainder 4. Divide 
jg.t.n ; quote ./ 2, remainder 3. Divide again; quotient 1, remainder 1; this re- 

1 

*' tnainder 1 is disregarded. The several quotient- write down thus: l 
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“ Multiply and add from the bottom as in the former example, £)OX i + 0 — 90 , 
“ 90X2 +90=270, 270 X 2 +90=630, 630X1+270 =900.. 900X 1+630=1330, 
“ 1530 X 1+000=2430. 

“ The two last are the numbers sought ; then 
“ 100)2430(24 this is disregarded. 

200 

430 

400 

SO Sekc or remainder is the lube? 

“ 63)1534(24 

126 

270 

252 

18 this is the goonuk.” 

100 X 18 + 90 _ 

63 

The method of reducing the bhadv and chepuk is noticed, and the values of 
x Y'j l and y = 27, being first found the true values me round, lhn> 

6:3)171(2 and 10)27(2 
126 20 

45 7 

6'3 — 45 — x and (10 *— 7) X 10= y. 

The several methods of proceeding: fo-t, bv reducing the bhudy and chepuk 
secorid, by reducing the blnijuk a-id chepuk; third, ly reducing the bhadv and 
ehepuk ; and then the reduced chepuk and the bhujuk arc also mentioned. 

The following explanation of these reductioiv. given : 

“ The bhadv 27, bhujuk 15 ; 

these iic divided each by 3 .... .9 and 5 

“ Write 27 jo two divisions.9 and 18 

“ these again divided by 3. 3 a "‘* l> 

“ these two add 3 + 6 . 9 ; •lim the parts added, how many so eve 1 arc, alw.' ' 
“ equal to the whole, thus therefore tlmy tie reduced to save trouble, an • On ic- 
“ love all these numbers arc so > dm ml; but the goounk is a* yet 1 nknou u. ! ■ *• 
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' NOT ES, 


“’"I to in.- .5, by which multiply du parts ,of the bhatlyj) and 18; 

' ^ — -! > J ■ X .) = 90,.:\fbioh added uiic I and the- bhady 127 X 5 — 

t':c • line 1 ,j > ; this divided in two parts. Go and ~j and added again, are ).-},•>, 
“ The lowest terms of <27 and Id above, are 9 and 5 ; the common measure 3 
multiplied by 5 , S X .3 — 15 and 9 x Id -■ l.JV. 

“ hints too tiie chcpuk must be reduced, and when they are all reduced to the 
“ invest, the Iubd and goonuk will be true; and if their numbers arc not reduced 
“ to their lowest terms, the work will be the greater.” 

The principle on which the chcpuk is reduced is explained thus : 

“ OF THE CHEPUK.” 

“The bh.ul. 2-21, bhujuk 195, chcpuk 6S ; the goonuii wa,, found 5. Iubd 6 
.’1X5 = 1105 
1:32.; 1 105(5 lubd. 

975 


.50 seke, which deduct from the bhujuk ip.; — i jq = Gj {(J u.d 
‘ to (he chcpuk, win h divide by the bhujuk 195)195(1. The lubd is .3 tn 
“ winch add 1 ; G = the original lubd.” 

- ' ,ui ' ' C.x S m»|»K the l.lrady = Go, bhujuk = IJ, and chcpuk - lG or - ]<> 

■ *! . bulift: an- found the numb. . 80 and ;;ti8 : then SG8-GOy,G-,8 the luhd 

• d - |J X G = <2 the goonuk ; GO - 8 = 5<2 the lubd corrected, and 


1. the goonuk corrected. 


GoXl l + iG 


— 50, „n,l *LXt-l6 


];J .mu--j_--8. 

N 0 " '■ t<!xt: Hie product by tlie two uppermost terms of the bailee 

1 I vk1 " 1 lh « hhpjuk respectively, have ititlurto always 

" 1,1 ^'vc.imml-e. a- in tin last example G llie quotient, and the I k 

1 -c.o m-- .he i. m.g-xamplc, but , k n j, happens otherwise, asm’W fob 

: u ""r " «r JM:- ■; ;• e 4 .. W k •« „■ 

V.v-Jii IVf, whilt H ill Ik; f(hmd tho goonuk ? 

, g 


a:. 


!2)«(l 


i i.l e < .regarded 
1 c 93. {- 'u fl j 
■ ~ 46 


■J X I 7". SJ -f- 


fl:.l 


/ Muller, 


5 ) 46 ( .« 
45 


-* ) i-'d '( i‘ 

521 


I 


i goonuk 
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“ The two quotients being different r.umbers they must be takec '-iic 
“ thus instead of 9, take the quotient 7- 


h »«! 


5)4G(7 

35 




11 


“ therefore the goon is 2, the lubd 11. 


5 X - + 23 _ 


11 . 


“ Xext, wiicu the cliepuk i« negative, or to he deducted, the rule directs >o 
“subtract the lubd from the bhsuly, but here it. cannot be clone: the rule is 
“ reversed, thus tl — 5=6, which is the lubd for the negative chep.k ; next. <oi 
“the goon of thfrrhin chepuk 3—2—1 ; therefore the goon and lubd for the 
“ rliin chepuk arc 1 and 2 ; * X 1 =5 ; but from this the rhin chepuk cannot uc 
•• taken ; therefore take it from the clupuk 23 —•> — 1 f. 


“ 3)18(6 tin: lubcl”. 
IS 


it 


( , • i - 

Other cases are mentioned for tlr negative chepuk, and for the cbqmk tv- 
duoed, and for new values of the goon and lubd. 

The examples £‘ ' 5-- and -- -which'aie In the Persian translation, arc 
‘id 

also suited hue, hut ■ o abstract ol the work is given, only he id d is s t , l to lx 
> and the goonuk (), which applies to tlu‘ las', ol the two only. 


“The seke in is i- tc •nod sodd, meaning that ii is tiff chepuk; the 

“ ohady, h L it be 60. Thr■ iin ,.r urgun .* t|ie hhul.uk, lion which ll.e b.bd 
“ iill he found in bbkulias, and the goon will hr t'h seke ot the ciJU*., v. bum 
“ must be as the eli:pv.k making the Mud) again < 0, Hit hliujuk will be 

“ the urgun, 1 1ic- lubd of tins will be in eullas, those I i, th - 1 of the m s, 
“which set ist i ijc.cu as i chepuk, th* blue .■ t.o < n a', tb. 

“ hlnijuk is -.till the urgun, the lubd is in am sis, the -ml • s the sc *vt «•! " v -" 1 ' • 
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'' UC ' S f e t: ‘ ke “ tl,e c,ie P uk i making the bhady 12, the bliujuk will be still 
„ coodin, the hibd here will be signs, the seke is the seke of bhaganas, 
revolutions, winch seke must be taken as the chepuk; the lubd will here be 
in bhaganas, the seke the urgun." 


Example. '< Let the calp coodin or urgun be ]y, the 
“ urgun 13." 


bhaganas 9 , 


the 


“ ri,e,J i,y l ,r0 P 0Ttion if 19 gives y, what will 13 give?" This is found to be 


C rcv% 1 - •’> 4% !Wi|h a fraction ofil; then from iJL ~ 

I ^ 

1 y 


jy — y> 

x u,<, «,„J «=.*,=», i then fr„ m fi^ T =Li» =y ; , = 50 a „ d . 


from 


W ~ 16 1 \Qr"' l~ 

ly — V y V — 2t>, a:" :=3 17, from / 


_ ya-"-'' — 3 

from -—-— 1 / 1 " -■ 


1.9 


=/",$" =1, *"' =3 


iy 


,.//// V// /» t 

y , y __(> and x - 13, which is the urgun. 


In another Example. Y-ke 
'.:rgun ~1 j. 9 , Jdst urgun -1 
2 * rev 10 sign®, la" w, 31 


Mmllaie: U", bhaganas = 4.0, calp coodiu or 
97. The quantity is found by the rule to be =: 
the remainder 11 . 


••Tl,; 1 .,!,. t l«ll.lltnly ; the coodin l M , tbcM,«juk; the seke of 

th: ad.ly month Q.i, ,, the chepuk. 


“ iy.»)i(o 

1 seke disregarded 


“ 0 X 5)5 -I- 0 r. o 
" 1)0(0 
o lubd 

■' US X 1 — (ji zz 0 


0 

5W bullec. 
0 

a 0 

19 .i)9o(0 

9 goonti 
1 }>3)o(o 


0 
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“ The che tits 26 is the bhady; coodin 2-5, is the bhujuk; ahum soke 2-v, 
“ chepuk. 


“ 226)26(0 

26)225(3 

208 

17)26(1 

17 

9)17(1 

9 

8)9(1 

3 


0 

8 

1 

1 



#Raas 6Go 
5720 

26)660(25 

10 seke the lubtl, 

2 75)57 20(25 

95 sek*- the goouuk. 


1 disregarded. 

“ Hence the chandra days are 9~>. 


26 X 9- r > - 220 _ lf) 
225 


The last rule of this, chapter is taken, notice of as follows . 


“ OF THE SANS115T COOTUK. 

“ Bv what number mav 5 be multiplied and divided hj 6.1, tin lcniaindi 
“ be 7 ; and that number so found, when multiplied by 10 utul divided l > 6. 

“ the remainder will be I t. 

“ The two goouuks arc 5 and 10, the sunt ts the bliadj . the two schts ait 
“ 7 and 14, the sum is the ehepuk ; the bhiyuk in both is the same 01 63. 


The question is solved as before; it ends “Thus, however numerous be 
“ the goonuks given, let them all be added for the bhady ; amt the saint w *th 
“ respect to the given sekes for the cliepuk 1 the bhujuk v ill b. dways die 
" auue.t 


(< 



10:2 






NOTES. 



















Chapter 0. 

“ THE CI1ACR.V BALA. 


TjU- multiplication of the square is a cl.acni bald. There arc six cases: 
' i nt ii.st quantity assumed |$ called btrma (the smaller) : its squate must he 

* 1,1,1 ’1 c;i !, y tbe/iWc/vV. ajid then must be added the ehepulc- that is such a 

‘ clicpuK as tv.il by addition produce a Square, and this chppuk mav require to be 
" : tn ■ <,r 'Vhich must be ascertained. The root of* this square is 

“ the .;<•«/• these three, the can 1st or lnirsua, jeisr, and chepuk must he noted 

(U 'vn and again written cIow.il ' 

I be diii actions of samam babrn and (inter babrn are given as follows ; 

“ OF THE SASIANS u,\ BNA’ 1 

’’b-i. ■,(. jeist and c.anist are multiplied into each other (builjra bets) 

“ 11 0 7 1 - 1 is tu hursi o~ cay Ur. it, is called budjrn beat from i( s beiU a ' fli _ 

amnilar mnltiphcatio,, - the upper, or jeist, or greater, being multiplied" l>v the 

• ' eauiv.; and flic canist multiplied l,y the <r,valvr or' i t- 

“ tl.e two pio«'fuet< , ad(l t| U tin; hWs. ' 0 ■ 

' d ir two c .mists multiplied togctheiy and multiplied t)jC • 

, (!;<• |,rn.l,,ct „MteHw* et l,er, pMi.ee, ,hc root„f 

JUS., ,h< pr< >d„etf of the two chunks then becomes the chepuk >• 

,J r " ,tn ( tlm: “ The difleunc- between the two produc ts 

0 . mop b. .s. products lu.rsa or e;mUt. The product of the ranists multiply 
p'-e it, the d.Hcc. ,■ between Obis «nd) th. puduct ■>: the two 

’ " 1 ,c y 1 '' 1 ' dU t * K - pioduci of the two chepuk* j s f ], c 

rUr rrh ' a ,I,iH Vr, . v m'pcitect, but the emof ty* ami & ant , 

( 1 \r V ^ 

,U ' 1 ' ,V ... J y 1 **- t.U p 1 inly alluded to. (.Set notes on the Persian 
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translation.) “ Thus” (it is added) “ the root of the canist and joist may hr in a 
“ variety of eases found.” 

After tliis there are examples the same as in the Persian translation, and worked 
the same way as far as the “ Operation of Circulation and, after the examples. 
<• Hence, how various soever the 1st, front the somans babna and an ter balma may 
“ be produced canist, jeist, and clirpe; and hence it is called the chacra bala.” 

I find no abstract of the rule for the “ operation of circulation,' but there is 
the first example, via. G/.C + 1 = □, as follows : “ Roop 1 is the canist, is 
“ the chepe; tin u rhe pracrit 6?, canist 1, jeist .3. Hurs 1 is the bliady, ciu-pe ; 

“ the blmjuk, jeist 3 is the ehepuk; then by the cootuk guunit 

“ Bha. 1, die 3, 

“ Hur 3 ; hence the goonuk 1. .... » 

‘‘then, the square of I is 1, (>: — 1 = GG, but -this is not the .--mallesl , then 
" 3-f3—o 6+l=a.7<; its square If), tied net from pract it (>7— If)—13; '> : 
“but the. negative, must he made affirmative 6; and >x5~C5. mb 22>X'>‘y — 
“ 1G7J«, and lb? a 4-6 — 1031 its root 41 ; then by '.ue cootuk gumv 

.-“ Bha 5, die 41, 

“ iliti 6 

“ then 5X3—' 9,5 and 6T — 25:3 t 1 ', <»')•<'4(7 . the h.hd is the canist i ; 11 Xi i = 

“ t‘2l, 1‘21X67=»107: chepc is 7, S i07 4-7=81<\> ; t» root is pu, vlwch is the 
“ jeist; theti by the cootuk 

*'• Canist is bliady 1 1, »he no. 

Hut 7. 

“ Here 1 he goon i-> 3. ch> 7 ; 7 ■; . — • thp seeoiu 
“ 81—,i>7 — 11 ; 7)14(2 the other efiepe.;’ 

The canist 2,. This is made j■ -ist ?*? 1. 

. “Cm 27,, 221 icisf, he 3. 

“ Ca 27,’ 22 i jeist, die 2. 

“ Ca. !lf)3k jeist .07(>31, che 4. i 

( t. 5 <) 67 , .jeist 4 88-13, . he 1. 

The square ca. :s.>(h)50fc9, which mult 'piy by (>7, and ) addl'd, tin: sum will 
“ be 2385d409G4, and i;s root is 48842.'’ 


f 
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“The unknown quantities, See. must be clearly stated, and then the equation 
“ must be reduced in the manner hereafter shewn by x> by by the rule of 
“ proportion, by progression, ratios, by ; still maintaining the equality. 

“ When nicy are otherwise, add the difference; then sodam the quantities; the. 

“ same >vith respect to roots. In tlie other oide of the equation the roop must be 
“ v.odanad with the roop. When there are surds they must be sod an ad with 
‘ surds ; then by the remainder f the unknown quantities division, the roop 
“ must be divided; the quotient is the quantity sought, now become xisibl e.” 

“ Then the quantity so found must be utapanad, in order to resolve tire 
" question.” v 

It will be remarked that the Persian translation has “ the figure of the bride,” 
t'.r that expression which is represented by P~ -v . in the above abstract. Mr. 
Duv is tells me that the original had nothing like a reference to Euclid, and that 
hi-, an m luted simply to the proportions of right-angled triangles. 

There loh.uw abstracts of the seven lirst questions ot tM . book, with their 
solutions, which are the same as those in the Persian translation. 

Tot ir«i pan t. uu; iiiJ xamplc 's; “One man had 6 hor-.c- and 100 pieces of 
“silver, and the other had 10 horses, and owed 10O pieces of silver; their pi o- 
“ pertv win equal. Qu<'. rr, the, value of each horse, and the amount of the pro- 
“ p ity of each person. Hen the unknown quantity is the price of one horse. 

“ Ja f), roo 300 

‘ Ja 6‘, roo 100 these arc equal. 

“ Ja o', roo ‘JOO 

“ Ja 10, too 100. Sudan, that 1. transpose. 

“ Ta <) +• 300 ~ Ja 10 — 100 

“ Ja 4 =; 400 

•• J a — 100 y 


*> 
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The third example, where the Persian translator has introduced the names 
Zeid and Omar, is in Mr. Davis’s notes thus : 

“ One man said to another, if you :*ivc me 100 pieces of si ver I slial! have 
“ twice as many as you ; the other said give me 10 pieces and I shall ha r ;e si.v 
e ‘ times as many as you. Queere, the number eacrh had. 

“ Ja 2 roo 100 
“ Ja 1 roo 100 
•“ Ja 12 roo 660 
“ Ja 1 roo 110. 

“ DifF. Ja 11 roo 770 
“Ja roo 70 




BOOK 2. 


TP HE square i oot of the aim of the squares of the bhojo and cot? w the carna. 
“ Explain the reason of this truth. 

" The earns is Its ja; the hgure thus, * 4 . divide this bv aperpen- 

JJh ~/jr 

“dicula these are equal triangles. The bhojc is abac VCB- 

«« The luinb or perpendicular is the cote, / i'** . 'n the latte r the cot- 

* . 7*iw» V//«tf 

Ju / 

“ JS a carna, the lumh popcndicul r is the bhojr, the cute is the ctona ; tli- > are 
“ similartriangles, tvi’.'n.hi! 1 1 1 1 • * * , emv i " ,1 gives l!: too, > lor me co c 
“then cote lor carna hew much? Thus by proportion .he vote is fomi.K 

Also . , - • , 

•• As bhoje 15 is to vjirna, then from this carna 15 what ohojc ? 

© 
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' £ 'locrcforc 15 X 15, and divide by Ju 1, and the small bhoje is found 
225 . 

JTT* A - am - 

“ As cote 20 , I ■ he carna, so is the can:a 20. What cote?” 

■ m :s ^ ourd ~ T7T’ aud tbis adt * ed to -> - is the carna ; whence 

25 = Ja 1. 

“ T hea trom bhoje to find the pei-pi ndicular. 

The oiioje .5, its square 2.5 ; bhoje ubada — {), its square 81 ; the differ¬ 
ence >sl4+; its root is the luqib |< 2 . 

‘• So, the cote 20, it* square 400; cote abatla 16 , its square 25(>; difference 
“ of squares 144; its root the luuib is 12.” Again, 

Auothev wav. 

f< “ C - il{:Va 1 : t1ien ha,f tllc rectangle of the bhoje and cote is equal to the 
area ... U 0; therefore the area of the square formed upon the carna in this 
‘ manner -i!> be equal to ‘our times the above added to the contained square 
wh,cn - l l uarc 15 et l u:i1 to 'he rectangle of the difference between the bhoje and 
“ **f* wl,ich is 5 * 5 - «3. The rectangle of the bhoje and cote is 15 X 20 

— GOO ; and 300 X2raoOO (or x 4); 600 + 25 ~ 6‘J5, which is equal to 

“. the ara of the whole square drawn upon the carna, and therefore the square 

r,>0 ' °' t ' l,s to the carna ca 25. If this comes not out an integral 

uul u then the caraa h hujji-j tc*ct or a surd root. 

O *1 i , h ! : i>U '“ °* rl '° 6<i " ,lvCl> ut 1,10 bl "’j c »»“• ‘■rite- and the square of the sum of 
hr . » ,ml cote, the .difference of these is equal to twice their rectangles; 
« : eu ' C {t ,e °^ n *^ ,u; 'IM ue mot or tlu squares of the bhoje and cote is equal 
cu,ua * iMustralc this, view tin; liirure.** 

L “‘ r - 1 ' G ucn Which require, explanation to make it int-Higibh 

„ \ U l ’ ld , r . ”> rmc :i t,tducu<1 '-he bhoje. a> d the square root made of 

riai.Kui, o u deducted trom the square root, and worn: the remainder 

)■’ ' V'* tl 5 re tnMueiic • btt.vtxu the cote and carna. Acquired .he bhoje, note 
and carna. J * Ht » 

Oi'KUA l JOStf .' 1 

«»“»*• •* - »*M> «M 1, it.squarri$ u ,„l« j,; l0 , llis 
' ’ n ' ,ht ?s ‘a* Hs square is 144 and this by the foregoing is 
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“ equal to the difference between the squares of the cote and carna; and the sum 
“ of the cotc and carna multiplied by their difference is equal to this. ’ 

Then follows something which I cannot make out, but it appears to be an 
illustration of the rule, that the difference of two squares is equal to a rectangle 
under the sum and difference of their sides, probably the same as that in t.re 
Persian translation. The end ot it is, 

« Thus the square of 5 is 2a, and the difference between J aud 7, sides of the 
“square, is 2 ; the sum of those sides is 12 , which multiplied together • > ■* > 

“ therefore equal to this is the remainder, when from the square of 7 is deducteo 
“ the square of 5. 

“The difference between the squares of these is known, and thence the 
“ cote and carna are discovered thus : This difference of squares divide by the 
“ difference of the cote and carna, or difference of roots, as in the Pati Gan. \ 

“ iii — 72 . and this is the sum of the two quantities sought, as i-= taught in the 

“ Pati Ganita, but their difference is '; therefore deduct 2 from the sum, the 
“remainder is 70 , and half of this i> the first quantity sought. Again, add 2 to 
“ 72 , the sum is 74 ; us half is d? the other quantity ; therefore' the coti .s i'Z, 
the carna 37. 

« When the proposed difference is 1, the numl ers are found 7, 24, 25 ; muiti- 
“ ply these by 4, the numbers will be 2b, S) 6 ‘, 100. 

Then follows a note of the rule, tlui the ihtteience i che sum o( the squares ol 
two numbers, and the square of their sum, is equal to twice the rectangle cf the 
tv o numbers, and inis example as in the Persian translation. 

“ The two numbm arc 3 and 5 ; 'tie sum of squares 9 T 34; tire sir 

“8, its 1 quare 64; the difference is f t —34 — 30; then 5 X 15, 13 X 2 = 30, 
“ equal to tiic above. llut vnen the. : ides arc not known, bin the ditferen* t ot 
“ their square#, 16 then divide by 2 , (W*. % the difference of the mnnhers) 

** ~ — B ; this is then sum, and deduct then’ difference 8 — 2 t>, halt tins is 

*4t 

M one number, an o+ji = lo, ami ■— = a, thcblhir innnbe'.' 
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The next is, 

‘ In the figure tvherd the sum of bhoje, cote, earn* is 40, and the product of 
“ bhoje and cote T_0. What is tJie bhoje, cote, cai na ? 

“ Multiply tlic product 1.0 by 10,this will he equal to the difference between 
“ the square of the sum of the bhoje and cote and the carnas square. The sum 
“ °i the squares of the blioje and cote equal to square of the carna; therefore the 
“ product of the bhoje and cote X by 2 ia equal to the diik-vence between the 
“ rectangle and cote (the square) of the sum of the bh je, and the square of the 
“ carna. 

“ Divide this number 240 by the sum of the bhoje, cote, and carna 40, ~° =6, 

11 ’vhich is equal to the difference betweeu the carna and the sum of blioje and 

“ cote. Ik nee — ^ - = 1? the carna; sum of bhoje and core, squared is 

“6: 0. Multiply the rectangle of bln jc and cote 120 by 4 = 480, the remainder 
“ 4i>, an its root 7, this is he difference of bhoje and cote; deduct this from 

' their sum £3; £3 — 7 — ]G, its half ~ 0 ' =: 8 is the bhoje; 23 -f 7 z: 30, its 
“ half, is the cotc la.” 


T!u* next i«, 

" Wher the sum of bhoje, cote, carna is 5G, and their product 4£0C, what 
are the bhoje, cote, carna? 

“ Ja 1, ja, hba 1. Tin- sum of bhoje, cote, carna. 


“ ^ar: a j-.t l ; ja i, roo ,6 ; these three multiplied, 4£00. 

" Thc Hctangte of blioje and cotc —equal to sum of squares of bhoje 

' a!i J co,e >•' ja hha !, sum of bh-.j-: and cote ja 1, mo 5G ; the square ja bha j. 

; i. rop 3iJ6\ the diffcreiice between them is equal to4^--; 

ja 1 

therefore Ja 112 roo 3130 
Ja 0 roo 8400 


ja I 


II 
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“ divide both by 112; reduce both sides, and it will be 

Ja 1 wo 28 
Ja 0 roo 75 
Ja 1 

Reduce the tractions. 



j. - i 





“ J;i bh a 1, ja 28. roo 0 
“ Ja bha 0, ja 0, roo 75 


<SL 


“ Multiply by 4, and add the square of 28. 

“ J a bha 4, Ja 112, roo 300 (should be 784) 

,c Ja bha 0, Ja 0 roo 484 


“ The square roo.4i| .her a.U, by «»«.'«* » 

“ the jabut, and therefore carna. . . 

« Then for the bhoje cote. The three multiplied are 4200. Divide by carna 


«— ids = bhoje X by cote. The sum of bhoje and cote —56— W — 31. 

<25 J 

“ and 168X4—672. The square of 31 = 961 ,’ (the difletcncc) “ 2S'\ its square 
« root is the difference of bhoje and cote — 17 ; deduct this, 31 — 1 1 — 14 ; its 
«f lulf 7, which is the bhoje ; and 31 4- 17 =: 48 ; its lialf 2 ! is the cotr. 


The lines above have been carelessly drawn. The true Hindoo method of 

writing the equation - r + 28 - “ 1 understand to be this, ja ij m 28. and 

Ja 0 Iloo 7.'i 


that of >' 4- 28 r 


75 this, Ja bha 1 | ju 28 

roo 0 

JabhaO 1 ja 0 

roo !■' 


Ja J 


I! 
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Books 3, 4, ami 5. 

——»»•#* *•».-«*— • 

A » 

T , 

•*- * ‘ ail,on g Afr. Davis's notes a small part only of the beginning of the 
3d book, v/hich consists of rules for the application of the eootuk to questions 
where tnere arc more unknown quantities than conditions. [ find also some 
notes which evidently relate to the first example of this book but nothin-' 
distinct can be made out. & 

‘ *■" - :in no notes relating to the 4th book. 

Ot the .Oih book only this: 

Win n there are two or more quantities multiplied, the 1st quantity must he 

, c a:>d then”-There is a!;- an abstract of the first example, the same as 

that in he Persian translation. 


Ext]acts from Mr. Davis’s Notes, taken from a modern 
Hindoo Treatise on Astronomy. 


Br thr method of the Jcislit and C'aniot from two jyns* being found, others 
mav a - < omputed by those who understand the nature of the circle (the bow 


* -V '•> >•••<". -Till- modem KitropcM uc.jnt'--(I U, .. «..«v.|-.u .f tht rifce from the AratW- ?ndit 

” ,,i; "' rUf " ,; Mhey wnrd ,, S (w*). by which the Arabun: catted the 

.. !h, radical.,ca.^.., y^,) U 10 oil, and >* denote* the boutm 

* ** ’ >V “ l 0J ‘ ly ’ '***"* * ,f,nwt “ cut xhtn “>.• pockets accordingly we find that 
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“ ami arrow), and thus, by the addition of surds, may the sum and the 
“ difference of the arc and its sine be computed whether that arc be 90 degrees, 
“ more or less. 


does not mean bosom, Out that among the Arabians it signifies that part of their dress where l: ? pockv. is 
usually placed, and in some languages which abound in Arabic words, as the Persian and the Hindoc-sum-:, 
it is the common term, not only for a pocket in .he bosom, but for any pocket wherever it m y be. ..i all 
Arabic dictionaries this word is explained as above, and in some, though not in .’h (il is uot in the Ku hfi**! 
Loghat) the line *e call siw is given as a second meaning. 

The Arabs call the arc / »? ( > which signifies a bow ; the cord tcutr ( ' ^)> which is l A vx-strihg ; 
and the versed sine si hum which is the arrow. But the sine they express by a word which has no 

connexion whatever with the bow. 

The Mathematical history of the Arabians is not known enough for us to speak positively about the fi t us. 
of sines among them, but i: ere serin** to be reason to suspect that they had it frrm a lbrt gn source, prob. b!y 
from the Indians. 

The Sanscrit wci J tor ih m iuv .l is/ jo*, 01 c properly rya and/Zca. (For these terns • Mr Davis’* 
paper in the second volipiu of the Am.uv Res.arc' sj Use literal explanation ot lln* words h:. h en given i. * .y 
Mr. Wilkins) ami the bine is called jy<x arohi, r h.ilDoui; but common.y the Hint!..os, jV bn*\ily, : . j.j 
for the sine. They also apply the word in composition an we do; thus, they tall the codnc c t(j,,a ik i.mig ..s: 
nine, the side of a il^ht-angled triangle; the sine (or . ght sine) t-fu j'ya, meaning the urn, the b..- <:» / a right 

angled triangle, and craviajya the iin* moved; the versed sine they call ooicrufuaj^o, or i!k* stne moved up* 
wards; the radim, they call triJjya, or thcjiw of tlirec, (meaning probably three feigns.) In their term for the 
diameter jyafi? :Lt, or viiole/f,*?, the word in uv..rl in its propel acceptation lor chord, anti 1 *1 iory^.x ardhi t 
or sine. 


It seems a*, If and jya were oiiginally (lie same word Mr. Wilkini (the bed author’d ) azures mr 

that in the feme m< jiva% i* uudoubtcitly yv~ $» .cut, «h.u it it Joutid in tin: best or l o ii •. f<on.n 
and that its meaning is a 

The Arabian** in adaptin ', i term to tin- d..i vT chord, bno rehurev lo the • • ■ \ neb !' v f due.l, 

and called it y^ 01 the Sou *tfrinf ; but having so applied this term, they had to seek .:i*ui>>r for jme, 

then they uo.jtd naturally relV* U> the name of 'he thing, m ) t.ill it by some word in lheir owe 
v hit h nearly lesembi.-J that under which it or’ inulTv known 10 i modi: uf »;i \. ig .1 sir 

designation lb the sine was evidently nice convenient t an tliut of lh? II:.'dor ; >0 f con uure i'.j., 

lor sir..* is no other than the Sanscrit word Jy.i otju.t. 

It rjiii. . kab'* that if,*? >:i: ebt term for t 1 '.c *f a Hglt'-iuirh'd “H.injd ’ ’ ... ,ir« (, ho-- 

tin \ -v. to be named from the angular poinU which arc formed bv «ho vu !. of the bow, die huh which 

hohh 11, m . ! . .. vd 1 e sii.i ? . dr, . • , h; the si •• is called u*h> or r .d of the - ; ‘he l>.. 

My, or tim ; and hvpjthe u<o c«‘U, <;• the ‘«o*. Some luiiher e.\;ua.: *tion ho were? is <ic.*i 

to shew vsi.y b - • " ’• m . -r liju Mi-, and not - T i i by an !ogy> the cosire, nn <! >.ot- ■ ,.• it 

cosinu ins.» ad of i*'. 


The Hindoos have a \ j 11 row^ wwct ; pg f isaly 10 the A/Abie 
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<k Multiply the jaw of one of two arcs by the cotejaw of the other are, divide 
the product by the tridjaw, add the two quotients and also subtract them ; the 
u s>um is equal to the jaw of the two arcs, the other is the jaw of the difference 
between the two arcs. 

41 Again, multiply the two bojejaws together, and likewise the two cotejaws 
• togt thcr ; divide by the tridjaw. Note the sum and the difference. The sum 
u is the cotejaw of the sum of the two aics, the difference is the cotejaw of the 
<% difference of - lie two arcs. 

<f In tliis manner Bhascara computed the sines in his Sirojnony, and others 
“ have given olhc: :j»etIiocls of their own fur computing the same. 

The author of the Marichi observes, that the author uf the Siromoni derived 
“ his method of computing his sines by the jcisht and cauist, and diagonally multi-. 
“ plied (bajen hcas), the jcisht and canist being the cotejaw and the bojejaw; 
“ hem■« 1. found the sines of the sum and difference of two arcs, the third 
44 cani being those quantities. He did not use the terms jcisht and canist* but 
“ in their room bojejaw and cotejaw. I shall therefore explain how they 
were used. 

4 fnc bojejaw rz caaist (small). 

4 ' Cotejaw zr jcisht (larger). 

14 ('] he theorem then is what square multiplied by 8, and 1 added, will produce 
“ a square). 

Multiply, tiiv given nutnle r (S) by the square of the canist, and add the 
“ eheouk, the sum nn t be a sq.iare. 

44 Tiie bojejaw square deducted from the tridjaw square, leaves the cotejaw 
square, therefore the bojejaw .square is made negative, aiul the tridjaw square 
.aided to a neg ative being a subtraction, the tridjaw square is made the chepuk. 
44 fhc canist squ ire, which is die bojejaw square, being multiplied by a negative 
heiomcs a negative product, therefore the quantity is expressed by 1 roop 
u neg.»*ve, 

1 Then die mjejaw square multiplied by 1 roop negative, and added to the 
" U id jaw, its square is the cotejaw. 

Hence the bojejaw and cotejaw in the theorem by Bhascara, represent the 
14 canist. and jcisht, and I roop negative is the multiplier, and the chepuk is the 
u square of *he tridjaw, and the equation will stand ns follows : 

<4 Canisc Ibt. jaw j . jeidnt >st. cotejaw l : chepuk, tridjaw square 1, 

41 Canist ad. jaw \ jcisht ad. cotejaw 1: chutpuk, tridjaw square I. 
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“ These multiplied diagonally produce 

“ 1st jaw 1. 2d cotejaw 1. 

“ 2d jaw 1. 1st cotejaw 1. 

“ These added produce the first canist, via. 

“ 1st jaw + 2 cotejaw. 

“ 2d jaw 4- 1 cotejaw, 

“ which is the sum (or joge) and the difference. 

“ 1st jaw — 2 cotejaw. 

“ 2d jaw — 1 cotejaw. 

“ Thus from the sum and difference are produced two canists, and the square of 
“the tridjaw squared is the ehepuk; but the chepuk w anted being only the 
“ s(|uare of the tridjaw, then as the Bija Ganita directs divide by such a number 
“ as will quote the given chcpuk. 

“ Therefore the tridjaw being the ist, or assumed, or given quantity, divide 
“ the canist by it,, the quotient will he the tridjaw square, and hence the theorem 
“ in Bhascara for the bojejaw. 

“ And in like manner the coteiaws are found; but Bhascara did not give this 
“ theorem for the co'cjaws, because it was moie troublesome. lie therefore gave 
“a shorter rule. But since the cotejaw square is equal to the bojejaw square 
“deducted from the tridjaw. therefore the same rule may be applied to tee 
“cotejaw, by making the cotejaw the canist, and the bojejaw jeisht; then b nc 
“ foregoing rule the cotejaw oi the sum or difference of the arcs may be found ’. 
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Second Extract. 


“ Sloca. The pi.mis determined the equations of the ]»i;inets centres for the 
“ ir ' of mortals, and this can be effected only l>y computations of the sines of 
! arc.,. I shall explain and demonstrate their construction and use. 

“ -• At,<l f f bis purpose begin with squares and extractions of roots, for the 
‘ sate-faction ol intelligent persons of ready comprehension. 

• 

“ The square is explained by the ancients to be the product of a number 
“ multiplied b) itself. (He goes on to show how squares are found and roots 
tl exti acted as in the Lilavati)* 

“ G. Square number., may be stated infinitely. The roots may be as above 

extracted, but there aie numbers whose root- aie irrational. . (Surds.) 

“7. J he. ancients luve shewn ho// to approximate to the roots of such 
: nbers as follows; Take a greater number than that whose root is wanted • 

1 and In its square multiply the given number, when that given number is an 
“ "d-gcr. j-istract the root of tue product, divide this root by the assumed 
‘ number, and the quotient will approximate to the root required. If the given 
“ number be a fraction, multiply and extract as before. To approximate the 
“ uc;irer thc «»»*>•• assumed a Lr.,e number, but. the approximation may he made 
“ by assuming a small number.” 

And after a blank. 

■ In lik manner surds arc managed in the atx'ht or symbolical letters 
“ (Algebra)' expressing unknown quantities.” 

Again, alter a blank. 

’* Some have pretended to have found the root of a surd, and that this might 
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“ be effected by the Cutuca Ganita, attend and learn whether or not this could 
“ have been possible. I shall relate what Bhascara and others have oVnitted to 
u explain. A root is of two kinds; one a line, the other a number. Ami the 
e< root of a square formed by a line expressing 5, may be found, though tlie root 
<c of 5 cannot he numerically expressed; but the numbers 1 4, &c. may be ! 

“ expressed both ways. 12, 3,6, are surds, and can have theii sed 

il only by lines, (Me goes on to drew the impossibility of finding the root • 
cc surd, though it should be eternally pursued through fractional quantities ) 

“ The root of a surd may be shewn geometrical^ * 9% 




I Have copied these two extracts exactly as I'fouud them ; there appear to 1 , 
one or two errors which it may be as well to mention. In the first extract the 
latter part of the first sentence should, perhaps, mu thus: 41 Dy the add'iion . f 
“.the jeislvt and canist may the sines of the sum and difference of arcs be 
“ computed, &c. 

I observe that where jrisht and canist first occurred in these notes Davis 
translated it originally “ arithmetic of surds,*’ and afterwards corrected . ; 
probably from oversight it was not corrected in the second place, 

The value of H-e cosine of the sum of two ares is given instead of th.a of the 
difference and vice versa. 

There is an error also in writing the sum and the difference of the cicss pro¬ 
ducts. 

I know nothing of the author of the , Mariehn Possibly he might havs 
observed that r he jeislit and canist rule coi responded with the formula; for tlie -hu ;s 
and cosines, and the latter were not derived from llie foimer by lihosc: i >, but 
invented at a later period, or introduced among the Hindoo from foreign 
sources. Probably however the application and the formula? are both of li.«<r 
origin. 

As for the secoud extract the rule for approximating to.the squau i >t is the 
same as that given by It«corde, in his 15 Whetstone ol Wir which was pub- 
Ihhed in 1667; and by his wntemporary Buckley ; (for an aeeo* 
method see Wallies 'Algebra, \u :V:. I.nglish edition.) t have before* slated, \Wm 
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this rule is also in the Lilavati. I mentioned it generally then only because of 
its e^n 1 ex ion with a trigonometrical proposition. The following is a literal 
translation of the rule, as given by 1’yzee: “Take the squares of the base and 
“vie, ami add them together; then multiply by the denominator and write it 
“ down. Then assume a large number and take its square. Then multiply it 
“ h\ that which was written down. Take the square root of the result and call 
“ ii the dividend. Then multiply that denominator by that assumed number, 
;< and call it the divisor. Divide the dividend by the divisor, the quotient is the 
** hypothenuse." TJfis is not delivered with perfect accuracy, the true meaning 
however is plain. If the assumed multiplier is decimal the method gives the 
common approximation in decimal fractions. The writer denies that the root of 
a surd can be found by the cootuk, but he speaks of it as a subject to which the 
cool 1 : was said to have been applied. It is very improbable that such a thing as 
'hr. should have found its way from Europe to India, and it is very probable tha,t 
many things of ibis sort were to be had from Hindoo sources. 
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Explanation of Sanscrit Words used in Mr. Davis’s 

Notes. 


BIJA GAN IT A —Algebra—Literally seed counting. 

Pali Ganita _Arithmetic—Ganita seems to be used as we use arithmetic. Thus as we 


have arithmetic of integers, arithmetic of surds, decimal arithmetic, the 
Indians have bija gauita, pati ganila, cutuca ganita, &e. 


Jabut Tabut —The unknown quantity, as we use x —Literally as jar, sofa*. It is not clem 


how this comes to be so used- It would he more conformable to the ic?v o- 
Hindoo notation, if the word pandu (white) were applied ; uie in ;', letter ot 
pandu is very like that of jabut, and they might easily he confounded. 


Kaluk , necluk , —Unknown quantities*— Literally the colour* black, blue, &c, 

A bekt —U nknown, 

Carni, surd —Hypotheuu.se—Literally ear. 

MakLi and laghoo —Greater and less. 

p 00 p —Known quantity—Literally form, appearance. 

Bliady — Dividend. 

Ilur —Divisor. 

Bhujuh —Divisor. 

Seke —Remainder. 

Dirl —Reduced. 

Chcpuk or chcpc —Augment. 

BuUcc —Chain or series. 

Untc —Last. 

Upantea— Last but one. 

Lubd —Quotient. 

Goonu i or Goon— -Multiplicand. 

Rhin —Minns—Literal!) decreas % 

Goodin —An astronomical period. 

Urgon- -Number o\ da) elapsed. 

BekL lias —Seconds. 

( :ullus —Mi nates. 

Jnsas — Degrees. 1 ( 
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Bhaganas, —R e vol u t ion s. 

Caty —The great period, 

Haas '—Li tri all v a heap, a sum total, a constellation. 

Cooluk —The principle on which problems of this form zr y are solved. 



c'nnHMt —Ditto ol‘ rr y +- c and -j — z l e. 

Chacrn-hala —Ditto of ax* fir y- — Literally suength. 

Hursxa , h <rs , hursu—x in the above form —Literally small. 

Pr' rrit— a in Ditto—Liberally principal, 

Jxist or Jtlsht—y in Ditto—Literally greatest. 

C> 'list —x in Ditto—Literally least. 

Sc tunas bihna — If a\* + (i - y“* and a / 1 {- fi ~ g\ then the rule x" - x'g |- yf is called. 

samanb babna— Literally contemplation of equal degrees. 

Antcr habna —In the above forin^ when x n zz x g — iff, it is called antcr babna—-Literally 
contemplation of dilference. 

Jiadjra bran — Cross multiplication which produces the above forms —Literally cross 
diameter. 1 . : •• - . r • ’ 

Cov ik r mit or c tinea ganita .—Cootuk Calculation. 

,S da/w—-Reduce- Literally purify. 

Utapana-~~ Brought out. 

Bhojo —Base of a right-angled triangle—Literally arm. 

Co/ :— vf Ditto — Literally end of a bow. 

Cam a —lly pot be i 1 n sc—L i teral ly ea r. 

Lumb —Perpendicular—Literally length. 

A bad a —Given. 

1st —Assumed. 


Jaw or Jya —Sine or chord—Literally bow-string. 

Bojeju w —Sine. 

Culejaw —Cosine. 

7Wo 7 / • R 'duts -I n< ra'lt line of three ; perhaps meaning of three signs or 90 de- vox , 
Aidy— - Intercalary. 

CU-i •- f .July 1 tith/J — Dill ’(nee of solar and lunar days# 

Aba.,7t —? fur bliumi savan—solar days. 

Chandra —Lunar. 


For i.Ik lker.il eirph'ination of they* tcrrrt\ as far as they could be made out, lam obliged 
n» Mr. Wilkins. Mort of the words arn written here according to then common pronun- 
* ion in Bengal. 
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NOTES, 119 

Dear Straciiey, 

Having just laid my hands on a parcel of papers of notes, containing abstracts and trans¬ 
lations from the Bija Ganita, made by me, with the assistance of a Pandit, as Ion 
when I was stationed at Bhagulpore*, I s^nd them to you with full liberty toTuake any use 
of them. Ever since my removal to Burdwan these papers have lain unnoticed, and might 
have continued so had it not occurred to me that you are occupied in such researches. There 
may be trifling inaccuracies in some places, the translations having been made parelessh and 
never revised ; but their authenticity may be depended on, as they were made from the original 
Sanscrit Bija Ganita, which was procured forme at Benares, by Mr. Duncan. I send also 
a book of memoranda, containing chiefly trigonometrical extracts from a modern astronomical 
work in Sanscrit, which I suppose to have been written in Jey Sings time. 

I am very sincerely your s. 


Portland Place, Jan . 1812 . 


S. DAVIS. 



THE END. 



Qiendinning, Prinicr y Hatton i>.rden y London. 
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